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Students’ Perceptions of Blended Learning and its Effectiveness 
As a Part of Second Year Dental Curriculum 
Spyridon Varthis 
The field of dental medical education is one of the most rapidly evolving fields in 
education. Newer teaching methods are being evaluated and incorporated in dental institutions. 
One of the promising new methods is the blended learning approach that may involve a “flipped” 
instructional sequencing, where online instruction precedes the group meeting, allowing for more 
sophisticated learning through discussion and critical thinking. The author conducted a mixed 
method, experimental study that focused on second year dental students’ perceptions of blended 
learning and its effectiveness.  
A sample size of 40 dental students in their second year from a Northeastern Regional 
Dental School were invited to participate in this study to evaluate a blended learning approach in 
comparison to a more traditional lecture format. Students who participated in the study, 
participated in group problem-solving, responded to Likert-type surveys, completed content 
exams, and were interviewed individually. Based on Likert survey data and interview responses, 
the participants in the blended learning treatment reported very positive opinions including 
positive perceptions of the organization, support of meaningful learning and potential merits for 
use in dental education. There also was evidence that the blended learning group achieved at 
least as well as the traditional lecture group, and excelled on certain content test items. The 
results of this study support the conclusion that blended instruction promotes active, in-depth and 
self-regulated learning. During blended learning, students set standards or goals regarding their 
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learning, evaluate their progress toward these goals, and then adapt and regulate their cognition, 
motivation, and behavior in order to accomplish their goals. Overall, the results of this research 
on blended learning, including the use of problem-based learning in group discussions, supports 
the merits of incorporating blended earning in dental education curricula.
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The field of dental medical education is one of the most rapidly evolving fields in 
education. Newer methods of teaching instructions are being evaluated and incorporated in 
dental institutions. Technology has changed the way we learn and teach, through communication 
evolution (e-mails), expanding audience (teleconferences), interactive textbooks, eBooks, tablet 
computing devices, extended classroom communities, and the rise of the World Wide Web. One 
of the promising new learning methods is the blended learning approach that may involve a 
“flipped” instructional sequencing.   
Background of the Study 
One of the first references on term blended learning appears in 1999 in press release 
news, regarding an Atlanta‐based computer skill certification and software training business, 
called Interactive Learning Centers. That period announced its change of name to EPIC 
Learning. The article states, “The Company currently operates 220 on-line courses, but will 
begin offering its Internet courseware using the company's Blended Learning methodology” 
(Interactive Learning Centers, 1999). The rise of the World Wide Web in that period enhanced 
the blended learning approach. In the early 2000s, blended learning was referred to as the single-
greatest unrecognized trend in higher education (Young, 2002). Rooney (2003) identified 
blended learning as one of the top ten trends to emerge in teaching institutions.  
Blended learning model combines the best practices of online and face-to-face formats 
(Bonk & Graham, 2005; Boyle, Bradley, Chalk, Jones, & Pickard, 2003). It offers the 
convenience of an online format without the loss of face-to-face contact (Dziuban, Hartman, & 




learning activity, the learning process may become more authentic for students. An essential 
feature that distinguishes blended learning from face-to-face instruction is the utilization of more 
than one method of the information to be delivered and contains computer-based instruction 
implemented in a traditional classroom-based format (Thorne, 2003). These references constitute 
definitions that have been proposed throughout the years. Intentionally flexible and broad 
definitions were created so that they could still be useful even as the field continues to innovate.  
One of the most thorough and comprehensive definitions was introduced in 2012. 
Blended learning is:  
A formal education program in which the student learns at least in part through online 
delivery of content and instruction with some element of student control over time, place, 
path, and/or pace and at least in part at a supervised brick-and-mortar location away from 
home. (Staker & Horn 2012) 
Formal education is distinguished from informal where students can play online 
educational games on their own, instead of being instructed by their professor. Sometimes 
students need different pathways or time to master the content. In this learning model students 
are no more restricted to the school day, to the walls of the classroom, the pace of the lecture, 
and no longer restricted from the pedagogy used by the teacher.  
There are distinct blended learning models that have been suggested"(Staker & Horn 
2012). One of the types of blended learning is flipped classroom and is the simplest way to get 
involved with blended learning. The essential idea is whatever traditionally is being done in class 
(delivery of the lecture) is now being done at home and whatever is being done at home 




idea of making learning personalized and better usage of time; however, the teacher should 
consider different ideas of blended learning in his or her setting by differentiating each student’s 
needs. 
There is a concern of the online delivery information being the same as the face-to-face 
learning. Dede (1996) states when utilizing technology only as a tool for learning and not as a 
concept, the delivery of the information will probably fail.  
Organization of the Thesis 
Following this Chapter, Chapter II presents a literature review and rationale for the study, 
including summaries of some relevant prior published research, particularly focusing on 
comparison of the effectiveness of web-based instruction and blended learning with classroom 
instruction. Appropriate literature on blended learning is presented focusing on dental specialties 
such as Dental Radiology, Endodontics, Pharmacology and Prosthodontics. Chapter II also 
contains the purpose of the study and the research questions with particular emphasis on blended 
learning in dental education as a part of second year dental curriculum. Self-regulated learning, 
social constructivism and situated learning, were used as theoretical frameworks. The Methods 
are presented in Chapter III, including details on the setting and participants. In the same chapter 
methods of data analysis are presented for each research question. Chapter IV presents the results 
for each of the research questions beginning with the quantitative data followed by the 
qualitative evidence. Chapter V contains a discussion of the purpose of the study, the findings, 







LITERATURE REVIEW AND RATIONALE 
Rationale for Blended Learning 
Constructivist learning principles are applied in blended learning theory. Osguthorpe and 
Graham (2003) identified six goals to implement blended learning: (1) pedagogical richness, (2) 
access to knowledge, (3) social interaction, (4) personal agency, (5) cost-effectiveness, and (6) 
ease of revision. Graham, Allen, and Ure (2005) concluded that teachers choose a blended 
learning approach mainly to improve pedagogy to increase access and flexibility, and to increase 
cost-effectiveness. Blended learning is a flexible education strategy that personalizes students’ 
specific needs, giving all available resources toward utilizing the full potential of students.  
The concept is to take the best traditional schools and combine them with the power of 
blended learning by using online learning. The purpose is for the learner to become more 
engaged, thus leading to a more effective learning. In sum, it is about a personalized, mastery-
based, meaningful learning. Students define personally relevant standards while also increasing 
ownership of their learning process. 
Meta-analysis studies have compared the effectiveness of web-based instruction and 
blended learning with classroom instruction. Among these, blended learning was determined to 
be more effective than classroom instruction, for declarative knowledge and procedural 
knowledge outcomes (Sitzmann, Kraiger, Stewart, & Wisher, 2006). The U.S. Department of 
Education sponsored a meta-analysis looking at contrasts between online and traditional face-to-
face learning. This study showed that online or blended learning on average produced stronger 




blended learning was superior to purely online learning (Means, Toyama, Murphy, Bakia, & 
Jones, 2009). Students have an increased interest in the subject matter with the blended learning 
approach, rather than the online or face-to-face approach (Larson & Sung, 2009). Blended 
learning experiences build a stronger sense of community among students than either fully online 
or traditional courses (Rovai & Jordan, 2004). From the teachers’ perspective, blended learning 
seems to have a positive impact. The University of Central Florida found that 88% of instructors 
were satisfied with teaching blended courses and that 81% were “definitely” willing and 13% 
“probably” willing to teach another blended course (Dziuban, Hartman, Moskal, Sorg, & 
Truman, 2004). 
Problem-based learning (PBL), often incorporated in the blended learning strategy, is a 
method in which a problem serves as the motivation for active learning. The PBL approach is a 
student-oriented approach. Students define the problem and determine learning objectives in 
order to find a solution to the problem.  This approach is based on small groups of students 
collaborating with each other and the teachers to achieve understanding (Berkson 1993; Fincham 
& Shuler, 2001). The main purpose is to improve adult learning skills by engaging students in 
self-guidance and problem-solving, in addition to encouraging clinical reasoning, teamwork, and 
communication skills. These skill sets encourage lifelong learning and better preparation of 
students for their professional careers (Barrows, 1996, 1998; Hartling, Spooner, Tjosvold & 
Oswald, 2010).  Based on this evidence, PBL could be incorporated into blended learning, and 






Blended Learning in Dental Education 
Overall, there are limited research studies on effectiveness and perception of blended 
learning specifically in the dental curriculum. The evolution of the dental field and technology 
also makes it imperative to investigate blended learning with the current technology. One of the 
first studies in the dental field regarding blended learning showed that the majority of the 
learners accepted the online component of the course as a valuable resource (Pahinis, Stokes, 
Walsh, & Cannavina, 2007). 
Literature in blended learning regarding undergraduate and postgraduate dental education 
indicates positive feedback from the students. Specifically, dental undergraduate students' 
attitudes towards elements of blended learning in an oral radiology course (effectiveness, 
motivation, and active engagement) were very positive (Kavadella, Tsiklakis, Vougiouklakis, & 
Lionarakis, 2012). Similar conclusions were presented in a blended learning course (Clinical 
Pharmacology) with postgraduate dental students. Authors concluded that blended learning could 
be successfully implemented in postgraduate dental education (Rosenbaum, Mikalsen, Lygre, 
Solheim, & Schjott, 2012).  
In preclinical course Prosthodontics, dental students' performance and satisfaction in the 
course were very favorable to the blended curriculum (Faraone, Garrett & Romberg 2013). 
Comparable results were obtained in the preclinical Endodontics course as well. Students were 
able to learn and demonstrate dental skills at a high level (Maresca et al., 2014). 
Park and Howell (2015), who examined a flipped instructional format, reported that 
dental students’ feedback was positive regarding the collaborative and interactive aspects of the 




students’ satisfaction with learning content and learning effectiveness in a preclinical course in 
prosthetic dentistry (Reissmann, Sierwald, Berger, & Heydecke, 2015).  
Purpose of Study 
Based on the literature and the limited research in U.S. on blended learning particularly in 
dental education, the author conducted a study on students’ perception of blended learning by 
using the flipped classroom approach. Simultaneously, the study evaluated blended learning 
effectiveness as a part of the second year dental curriculum by comparing the face-to-face 
teaching method with the flipped classroom teaching approach, and evaluated student content 
mastery using achievement tests. 
Research Questions 
This study aimed to answer the following questions:  
1. What is the perception of dental students regarding blended learning in the second year 
dental school curriculum before and after experience on blended learning?  
2. What is the effectiveness of blended learning in the second year dental curriculum in 
comparison with the traditional teaching approach? 
Theoretical Framework 
Blended learning promotes high learning skills, active learning, and self-regulated 
learning. Most of the self-regulated models share four general assumptions (Pintrich, 2004). 
First, the active role of the learner, which means that students are considered as active 
participants in the learning process, with their own meanings, ideas, strategies as well as the way 




assumption, which means students may monitor, control, and regulate specific aspects of their 
own cognition, motivation, and behavior. Third, the goal, criterion, or standard assumption, 
which states that there is a type of goal, criterion, or standard that could be evaluated if the 
learning process is effective or if modifications need to be applied, including the perceptions of 
the student participants. The main idea of learning is that learners can set standards or goals 
regarding their learning, evaluate their progress toward these goals, and then adapt and regulate 
their cognition, motivation, and behavior in order to accomplish their goals.  Fourth, the self-
regulatory activities are mediators between personal and contextual characteristics and actual 
achievement or performance. This refers beyond the persons’ cultural background, demographic 
or personality types that influence success, goals, and learning. It is even beyond the contextual 
characteristics of the classroom environment that structure success. It refers to the persons’ self-
regulation of their cognition, motivation, and behavior that mediate the relations between the 
personal, contextual characteristics, and eventual success. Pintrich (2004) suggests a conceptual 
framework focused on self-regulated learning, which is based on the four assumptions, outlined 
previously. He proposes four phases regarding self-regulated learning: 
Phase 1 involves planning and goal setting as well as activation of perceptions and 
knowledge of the task and context and the self in relation to the task. Phase 2 concerns 
various monitoring processes that represent metacognitive awareness of different aspects 
of the self and task or context. Phase 3 involves efforts to control and regulate different 
aspects of the self or task and context. Finally, Phase 4 represents various kinds of 
reactions and reflections on the self and the task or context. It is important to note that 
these planning, monitoring, control, and regulation processes can be applied to all four 




Blended learning encourages high learning skills, active learning, self-regulated learning 
and may potentially increase students’ motivation leading to better performance in the sciences. 
Students may increase the intrinsic motivation for a subject or task by trying to make it more 
interesting (Sansone, Weir, Harpster, & Morgan, 1992; Wolters, 1998) or to continue a more 
mastery-based focus on learning (Wolters, 1998); and this is the aim of blended learning. 
Social constructivism is a theory that could be used in blended learning, especially given 
the apparent gains that group processes associated with self-directed learning may yield. Social 
constructivism includes a range of cognitive constructivism that highlights the role of 
collaborative methods in learning. According to Vygotsky (1978), learning is not just the 
assimilation and accommodation of new knowledge as Piaget believed, but is a product of social 
interactions. Edgar (1995) stated that personal computers are to Piaget as World Wide Web is to 
Vygotsky. He compared the development of educational pedagogy with the development of 
personal computer technology. Computers helped individual learners to experience and create 
their own learning constructs. However, the social aspects of learning regarding the World Wide 
Web gain popularity for those learners who are looking to expand their knowledge and construct 
a new one, through collaboration. 
Language and culture in cognitive development are essential and play an important role 
in how people perceive the world, experience, communicate, and understand (Vygotsky, 1968, p. 
39). According to Vygotsky’s theory (1978), knowledge is not simply constructed individually, 
but collaboratively constructed. Learning is a collaborative process and learners respond to the 
interpretation of external stimuli. Learners are motivated through collaborative learning as well 
as through the recognition or rewards conferred by the community on one another.  However, 




essential element is that teamwork skills are improved. Each learner perceives individual 
learning as a crucial element that leads to the success of the total community learning.  
We can take advantage of the available communication technology and connect the 
students in a communication network, rather than to isolate the students from one another. Thus, 
in such a community network, the learners become more engaged in interesting activities, that 
they have collectively helped to invent. Teachers may facilitate this social cognitive development 
and learning, and therefore should be part of the social dynamics of social constructivism. 
Maddux, Johnson, and Willis (1997) identified four principles that characterize “Vygotskian 
classrooms.” 
First, learning and development is a social, collaborative activity. This means that the 
interaction relationships of students and teachers are important. The proper use of technology 
may increase communication and productive interaction. The learning method used is not to 
deliver the information but to encourage group-based construction of the information. For 
instance, in dental education, different specialties may collaborate to come to an ideal treatment 
plan for the patient. Learners construct understanding and knowledge from their own experience 
and the way they perceive the world. Collaborative problem-solving and interactive decision-
making with other learners enhances the learning process. 
Second, the zone of proximal development includes the premise that learners can solve 
problems and learn more when individuals who are more mature and/or more expert in the 
subject domain guide them. This encourages the learner to master information, concepts and 
ideas that they cannot develop as effectively on their own. In this sense, the teacher plays an 




productive discussion sessions with the learner, the teacher encourages them to construct 
information. Fundamentally, the teacher’s role is to simplify and clarify the problem that the 
learners deal with and to bring it within their Zone of Proximal Development. Gradually, as they 
understand the process of thinking and solving the problems, they are introduced to problems 
that are more complex. Various tools to help the student organize information, such as mental 
maps or digital data organizing media, can help the student more effectively pass through the 
Zone of Proximal Development.  The concept of Zone of Proximal Development could serve as a 
guide for curriculum and lesson planning in dental education by identifying the prior knowledge 
of the students and delineating the next most proximal step in their progress toward full 
proficiency in professional knowledge. 
Third, school learning should occur in a meaningful context. The knowledge should be 
constructed in a meaningful context that is pertinent to the prior knowledge, interests and goals 
of the learner and appropriate in complexity and abstractness for their level of development. For 
example, dental students could create a dental treatment plan through the use of technology that 
can simulate real life situations that may emerge in dental practice by using instances of diverse 
types of patients, such as those who undergo cancer therapy who may need a different approach 
in treatment planning.  
Four, out-of-school experiences should be related to the learners school experience. This 
underlines the need of the learner to organize and construct the information from the learner’s 
culture and experiences that the learner already comprehends. A learner in dental education may 






Based on the principles presented in the prior section, it follows logically that learning 
should be based on an extension of what the learner has experienced in real life. Dewey (1902) 
stated that learners have to make meaning out of nothing if there is no correlation with what 
students experience. Such disembodied and experientially alien ways of contextualizing learning 
not only is cognitively ineffectual, but also leads to lack of motivation.  In the teacher guided 
learning process, the learners should be encouraged to relate to and build upon prior real life 
experiences. It is the teacher’s responsibility to transform the content into a context that relates to 
the learner’s life. Teaching content in an abstract, out of context way may result in the inability 
of students to relate and use the information to solve real case problems. For that reason, learning 
should promote meaningful context, through active learning in a real context, one that is 
grounded in prior experience and/or is clearly relevant to future roles and situations that the 
learner will encounter. Such contextualization is called “situated learning.” Brown, Collins, and 
Duguid (1989) presented a valid example when students learn words from dictionaries and the 
concepts are removed from the sentence and the context. This is applicable in dentistry as well. 
Learning about an oral disease from books is patently far removed from actual life experiences 
of a practicing dentist such as examining and interacting with the person who has a disease. The 
process of learning is faster and more meaningful when relevant situated learning is used because 
the knowledge is situated in a context that is experientially familiar and related to actual 
practices that the student recognizes they must use.  
Authentic activities at school may promote learning. As with situated learning, authentic 
activities are those that come closest to the situations that the learner will experience when they 




realistic professional dental practice scenarios, communicate and interact with other students 
from different dental specialties, there is improved likelihood of enhanced professional 
development. In a private clinic, dental practitioners collaborate with other dental specialties for 
better outcomes.  Such trans-specialty groups of practitioners collectively solve a problem by 
serving multiple roles, contributed by each of their specialties. Thus, they more likely come up 
with an ideal treatment plan for the patient. This is consistent with a broader conception of 
cognitive apprenticeship methods in professional education. Brown, Collins, and Duguid (1989) 
define cognitive apprenticeship methods as “methods [that] try to enculturate students into 
authentic practices through activity and social interactions” (p. 37).  Situated learning includes 
such facilitative methods as group problem-solving. 
Students should learn through meaningful activities. This approach aims to encourage 
students to become more actively engaged in learning on a topic that is sufficiently proximal to 
their experiences and understanding to facilitate more rapid conceptualization of the problem. 
The ultimate goal of this approach is to develop and promote critical thinking. Collaborative 
problem-solving emphasizes the importance of social constructivism – the role of communities 
of learners applying their individual, distributed knowledge and skills to more effectively resolve 
real-life problems.  Activities assist students to develop critical thinking. The critical pedagogical 
concept here is to be able to use the information not only to solve the problem in class but to use 
it in other real life contexts as well. 
In dental education, problem-based learning (PBL) such as simulations in computer 
software could be very useful; particularly if they simulate real situations so that the learner 
becomes more engaged in the activity and eventually is more successful in proximal transfer to 




where the student is learning by either playing a game or solving a problem within a game-like 
challenging context. For example, the computer software may describe a case scenario that a 
patient comes to the dental office. The patient reports a sensation of a raised heart rate, and the 
software asks the student to reflect on the evidence, deduce a possible diagnosis and devise a 
relevant treatment.  This model may also help students to critically analyze the problem through 
collaboration and come to a solution.  
Theoretical Summary 
 
Blended learning involves methods that encourage group problem-solving by providing 
opportunities to apply knowledge previously gained through online or other sources before 
coming to class. In class, group problem-solving is used to include a range of cognitive 
constructivism that highlights the role of collaborative methods in learning. The Zone of 
Proximal Development, meaningful context and out-of-school experiences should be related to 














Chapter III  
METHODS 
The present research is a mixed methods experimental study. Mixed method research is 
defined as “a method of collecting, interpreting and integrating quantitative data and qualitative 
evidence by using distinct designs that may involve philosophical assumptions and theoretical 
frameworks” (Creswell, 2014, p. 4). Mixed methods are chosen because of its strength to 
combine qualitative and quantitative research and to minimize the limitations of both 
approaches. This involves collection and analysis of both qualitative (open-ended questions) and 
quantitative (closed–ended questions). The data then is either analyzed through merging, 
connecting or even embedding it.  Different terms have been used such as synthesis, qualitative 
and quantitative methods or even multi-method but currently the term mixed methods is 
predominantly utilized (Bryman, 2006; Tashakkori & Teddlie, 2010).  Mixed methods originated 
in the late 1980’s. This approach has evolved in fields such as sociology, education, health 
science, from the formative stage to the philosophical debates and procedural developments 
(Creswell & Clark, 2011; Teddlie & Tashakkori, 2009). In addition, it provides a more thorough 
understanding of the research problem.  In this approach, the collected data and evidence 
obtained with the quantitative and qualitative means can be separately analyzed and then 
combined to confirm or disconfirm each other.  
Setting and Participants 
The research took place in a classroom at a Northeastern Regional Dental School after the 
regular teaching hours. Second year dental students participated in this study. The proposed 
research was conducted in two days. All second year dental students (364 students, 2017 




invited to participate in this research. From this total pool, 40 students expressed an interest to 
participate voluntarily in this study. The 40 students were further randomly assigned into two 
groups, an Experimental and a Control Group. Each group consisted of 20 students. To maintain 
confidentiality, anonymous participation was ensured and an Identification Number was assigned 
to each student. Second year dental students were selected because their curriculum includes 
dental laboratory preclinical work combined with seminars on dental and basic sciences. The 
principal investigator was an assistant clinical professor at this school and taught the second year 
dental students. A detailed explanation of the procedures is presented below, and an overview of 
the methods is presented as a diagram (Figure 3.1) to help the reader to better understand the 
structure of the study. 
Data Collection Day 1 - Morning 
On the first day – phase 1, Experimental Group A consisted of 20 students (randomly 
assigned). During the oral statement regarding the study, students had responded to a five-point 
Likert scale, embedded in an online questionnaire (10-minute duration, see Appendix B). The 
questionnaire was intended to gain evidence of their perceptions about blended learning, initially 
before the experimental study began, especially aspects pertinent to a flipped method (online 
video before class and in-class critical reflective discussion). After all students’ responses were 
recorded, the students were granted access to the on-line experimental material that consisted of 
a video presentation of the lecture typically delivered on the topic to be learned. The students had 
approximately one week to access the online material at their own time and pace. The students 
experienced this initial video on a web-based platform (Schoology) for 45 minutes containing a 
lecture on “Introduction to Maxillofacial Prosthetics.” The principal investigator/lecturer went 




experienced the first stage of the blended learning, so every student understood how the e-
learning environment works. After all students had watched the video lecture, they came to the 
in-person class and the lecturer addressed all questions that students had about the lecture so they 
would be better prepared for the ensuing group discussions. Group A was randomly split into 
four subgroups (five students in each subgroup). Two subgroups were asked to address a 
question on the lecture by responding to a scenario question and the other two subgroups 
addressed a different question on the content (see Appendix G). Each group was invited to 
summarize their discussion, and a total group discussion ensued. This group discussion 
experience was performed in 15 minutes, with 20 minutes all totaled including the initial 
question clarification step.  
Immediately thereafter, a short five-minute, 10-item, multiple-choice content exam (see 
Appendix E) was administered on the same web-based platform used for the online lecture to 
evaluate the effectiveness of the blended learning of the content presented. A post-treatment, 
five-point Likert scale electronic questionnaire was given to the students regarding their 
perceptions of the blended leaning experience (10-minute duration, see Appendix C). At the end 
of the session students were invited to participate voluntarily in an individual interview with the 
researcher approximately 10 minutes. Eight students volunteered. To ensure confidentiality, 
anonymous individual interviews were used. During the interview, the researcher addressed the 
same questions as the items on the Likert survey in order to obtain evidence of validation and 
triangulation.  
Data Collection Day 1 - Afternoon 
On the same day - phase 2, after Experimental Group A’s research procedure was 




consisted of 20 students, randomly assigned, and had the same 45 minute lecture as Experimental 
Group A on the same topic, but delivered as an in-person lecture by the professor: “Introduction 
to Maxillofacial Prosthetics.” The difference in this approach was that the lecture was presented 
with the existing or current teaching approach of this Northeastern Regional Dental School, 
which is a face-to-face, lecture-based approach. This group served as a comparison group for the 
blended learning approach. 
After the lecture, the lecturer addressed questions that students had on the lecture. Then a 
group discussion experience was convened, comparable to the one for Experimental Group A. 
This was done to ensure that the same opportunity to learn was offered to both the Experimental 
and Control Groups.  As such, it is a much more stringent experimental test of the efficacy of 
blended learning than often used in practice, where only the group that views the pre-class video 
is given an in-class discussion opportunity. Here, Control Group B that received the in-class 
lecture was randomly split into four subgroups (five students in each subgroup). Two subgroups 
addressed a question on the lecture responding to a scenario question and the other two 
subgroups addressed a different question on the content (see Appendix G). Each group presented 
their work and a discussion was followed for each group presentation. This experience was 
performed in 15 minutes, with 20 minutes totaled including the initial question clarification step 
thus completely comparable to the time allotted for experimental Group A. 
Immediately thereafter, the same five-minute, 10 multiple-choice content electronic exam 
(see Appendix E), used for the Experimental Group A, was administered to evaluate the 
effectiveness of the face-to-face teaching approach. It provided evidence of learning in order to 
be compared to the learning gains by Experimental Group A, who experienced the blended 




administered so a post-learning Likert survey response for Control Group B, comparable to the 
one used for Experimental Group A; thus making valid comparisons between Groups A and B.  
Data Collection Day 2 
The following research day Group B students were invited to continue with the research 
by participating in the on-line learning experience, but with a different lecture topic. This 
ensured that they also had an opportunity to experience the on-line, blended learning as did 
Experimental Group A, and it allowed additional evidence to be obtained about how they 
perceived the merits of such a learning experience. During the oral statement regarding the study, 
the students responded to the same pre-treatment Likert scale (10-minute duration, see Appendix 
B), as used for the Experimental Group initially, and contained items on their perception of 
blended learning.  The learning treatment conditions were parallel to and comparable in length to 
the blended learning treatment for Group A. 
The students had almost a week to go through the online material at their own time and 
place. Students experienced a blended learning approach on a web-based platform (Schoology) 
for 45 minutes containing an on-line learning experience on “Prosthodontics Procedures in 
Implant Dentistry,” a different, but comparable topic in difficulty, to the online video lecture 
experienced by Group A.  This was purposefully on a different topic, so Group B in this 
additional treatment had an opportunity to experience a genuinely meaningful blended learning 
experience. The principal investigator/lecturer went over the learning platform before students 
experienced blended learning (during the oral statement regarding the research), so every student 
understood how the e-learning environment worked. After all students watched the lecture 




the lecture. Then a group discussion experience was performed. Group B was randomly split into 
four subgroups (five students each subgroup). Two subgroups had to address a question on the 
lecture responding to a scenario question and the other two subgroups had to address a different 
question on the content (see Appendix H). Each group presented their work and a discussion 
followed for each group presentation. This group exercise was 15 minutes, 20 minutes all-totaled 
with the initial question clarification step.  
Immediately after a five-minute, 10-item, multiple-choice content exam (see Appendix F) 
was administered on the same web-based platform to evaluate the effectiveness of the blended 
learning. A post-survey, five-point Likert survey was given to the students regarding their 
perceptions of the experiences of blended learning (10-minute duration, see Appendix C). At the 
end of the session, students were invited to participate voluntarily in an individual interview with 
the researcher (approximately 10 minutes for each student) using the same format as for Group 
A. For purposes of confidentiality, anonymous individual interviews were performed. At the 
interview, the researcher asked the same questions as the five scale Likert questionnaires post-
blended learning, for validation and triangulation including their percepts of the overall 
experience of Group B’s face-to-face learning, and the blended learning-teaching approach. For 
Group B, a total number of 10 students out of the 20 participated in these individual interviews. 
Institutional Review Board (IRB) approval was obtained from Teachers College Columbia 





Figure 3.1. Research Diagram on Students’ Perception of Blended Learning and Its 
Effectiveness As A Part of The Second Year Dental Curriculum. 
Data Analysis 
The first research question (What is the perception of dental students regarding blended 
learning in the second year dental school curriculum before and after experience on blended 
learning?) was answered by interpreting the collected survey data from the Likert surveys (pre- 
and post-blended learning), and from individual interviews. Collecting and interpreting the data 
obtained from content exams and the evidence of the individual interviews, addressed the second 
research question (What is the effectiveness of blended learning in the second year dental 
Students’ Perception of Blended Learning and Its Effectiveness As A Part of The 
Second Year Dental Curriculum 




40 Anonymous second year NYU College of Dentistry students will be randomly assigned into two equally 
numerically groups. The following represents the research diagram and phases.  The research will be 
conducted in two days.  
On the first day - phase 1, Group A will experience blended learning 
On the first day - phase 2, (after completion of phase 1) Group B will experience face to face approach 
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curriculum in comparison with the traditional teaching approach?). A summary of the research 
questions and data collection procedure is presented in Figure 3.2. 
 Figure 3.2.  Research Questions and Data Collection Procedure. 
Research Question 1.  
Research question 1 was answered by using data from the Likert surveys obtained from 
Experimental Group A and Control Group B. The Likert surveys (see Appendix B and C) were 
divided into  “core blended learning items” and “general items” related to blended learning for 
Experimental Group A and Control Group B, respectively. Means and standard deviations were 
calculated for the pre- and post-surveys on “core blended learning” items for Experimental 
Group A and for Control Group B. In addition, the means and standard deviations were 
calculated for Likert “general items” related to blended learning for Experimental Group A and 
Control Group B. A Wilcoxon Signed-Rank Test was used to calculate the p values and possible 




Likert Item Correlation Networks 
An item correlation network diagram is a synoptic representation of the organizational 
patterns among Likert item responses made by respondents based on multi-correlation analyses 
of their responses to the items.  These network diagrams (e.g., Figure 4.3, Chapter IV) were 
obtained using the methods of Anderson (2015). 
Protocol For Construction of Item Correlation Network Diagrams. 
Likert items were analyzed to construct network diagrams that represent patterns of 
correlated relationships among the respondents' responses to pairs of Likert items (see Chapter V 
Results for examples).  The protocol for preparation of the item correlation network diagrams is 
presented in Appendix I. 
To obtain evidence of latent network structure among the responses of the participants to 
the 12 Core Likert Items, multiple correlation analyses were obtained for all correlations between 
items using StatPlus for Excel software. All pairwise correlations that were at least r = 0.50 or 
higher were used to construct nodal network diagrams showing linkages among the Likert items, 
each item serving as a node within a network where the correlation coefficient between each pair 
of nodes was inserted as a label on the network line linking the pair of nodes (see Chapter IV 
Results for examples, Figure 4.3, 4.4 and Appendix I for examples). 
Research Question 2.  
Research question 2 was answered by comparatively analyzing the data obtained from the 
content exam on the topic of “Introduction to Maxillofacial Prosthetics” for Experimental Group 




deviations per question item were calculated for Group A blended learning (BL) and Group B 
face-to-face (F-F) on same topic: “Introduction to Maxillofacial Prosthetics”. Differences in 
means between the test results for Group A and Group B, were tested for statistical significance 
(p < 0.05) using a non-parametric Wilcoxon t-test.  Cohen’s d value was calculated for these 
because it is an appropriate effect size measure if two groups have similar standard deviations 
and are of similar size.  
In addition, an analysis per content test question item for Control Group B (blended 
learning) on the topic “Prosthodontics Procedures in Implant Dentistry” was performed. This test 
data aimed to provide additional evidence of the effectiveness of blended learning using a 
different content topic than the one used in the controlled experimental phase of the study.  
Qualitative Evidence and Supporting Survey Data  
Quality validity was adopted in this research in order to check the accuracy of the 
findings. This topic had extensively discussed by other researchers (Creswell & Miller, 2000; 
Lincoln, Lynham & Guba, 2011). The interview process aimed to obtain information and to 
respond to both research questions. The interview data was collected using pen and paper.  The 
notes were transferred in Nvivo software for text analysis. The first step of the analysis included 
the general sense of information and its overall meaning.  Then the data was coded by bracketing 
chunks and by writing a word that represents a category. A qualitative code group was given for 
this purpose and a codebook was created. As Guest, MacQueen, and Namey (2012) mentioned, 
“the intent of the codebook is to provide definitions for codes and to maximize coherence among 
codes” (p. 199). In this manner, a code label was used for each code. Convergent parallel mixed 




and qualitative data were separately analyzed and presented.  The nominal data of students’ 
perceptions of blended learning and students’ opinion on effectiveness of blended learning for 
Experimental Group A and Control Group B was calculated. Categories of words or phrases that 
occurred most often for Groups A and B were recorded and presented. 
Likert scale data also addressed evidence for the students’ perceptions of the quality of 
the lecture presentations.  The means and standard deviations were calculated for the survey data 
for student perceptions on quality of the lecture presentations and course evaluation for Group A 
on blended learning, Group B on face-to-face learning, and Group B on the blended learning 
experience offered after they experienced the oral lecture treatment. The results of the Likert 
survey are considered as a complement to the interview data on students’ percepts of quality. 
Reliability And Validity 
Study Design. This mixed method-experimental study used closed-ended questionnaires 
(numerical data), open-ended questions through interviews and multiple-choice exam to collect 
information.  Generally, before and after collecting the data, the validity and reliability of the 
data needs to be considered. The questionnaire was first tested in a different Northeastern School 
of Dentistry, by using a small sample of participants (five dental students) before the actual 
research project. This provided evidence of the clarity of the questions perceived by the students. 
By testing the questionnaire in a different school, the researcher eliminates the contamination of 
the questionnaire that would occur if given initially to the participants in the actual study. The 
important point in creating a research questionnaire is to ensure that it is “valid, reliable and 




Seliger and Shohamy (1989) state that closed-ended questionnaires are more efficient 
because of their ease of analysis. Gillham (2000) argues, “open questions can lead to a greater 
level of discovery” (p. 5). The important issue in open-ended questions is that the responses to 
these types of “questions will more accurately reflect what the respondent wants to say” (Nunan, 
1999, p. 143). Burns (1999) states “interviews are a popular and widely used means of collecting 
qualitative data” (p. 118). The researcher intends “to obtain a special kind of information” 
(Merriam, 1998, p.72) and to investigate what the participants think. In this manner the 
researcher explores the participants’ feelings, thinking, and how participants perceive and 
interpret the world around them. The main characteristic is that the interviews can provide in-
depth information of the topic, allowing good interpretative validity.  The author of this 
dissertation study utilized both closed-ended and interview questions in order to complement 
each other.  
According to Burns (1999) “validity is an essential criterion for evaluating the quality 
and acceptability of research” (p. 160). Generally, investigators implement various instruments 
to collect data. The quality of these instruments is very important because “the conclusions 
researchers draw are based on the information they obtain using these instruments” (Fraenkel & 
Wallen, 2003, 158).  Thus, it is crucial that the data and the instruments to be validated. For the 
proposed study, triangulation was used, in order to strengthen the validity of evaluation data and 
findings, by collecting evidence through several sources: pre- and post-questionnaires, content 
exam and interviews. Collecting evidence through one method can be questionable, biased and 
weak. It is an advantage the use of triangulation since the strength of qualitative survey and 
quantitative data is combined in order to validate the findings. In the validity, it is researcher’s 




should abide by the ethical rules and principles, while performing the assessment as accurately as 
possible and present the findings honestly. 
On the other hand reliability refers to the consistency and repeatability of “the results 
obtained from a piece of research” (Nunan, 1999, p. 14). In quantitative research the collection 
of similar results could be easier identified because the data is described in numerical form. 
However, in qualitative approaches, the identical results are challenging. The reason is that 
evidence is not presented as numerical data, but as narrative. Lincoln and Guba (1985) proposed 
that dependability and consistency of the data should be used.  To address the reliability in the 
proposed research, elaboration on every aspect of the study was presented by describing in detail 
the rationale of the study, design of the study, the collected data, the analysis of the data and how 
the results were obtained. Therefore, this detailed information can help reproducibility of the 
research and contribute to its reliability. As previously mentioned for triangulation in the 
proposed study on students’ perception of blended learning and its effectiveness as a part of the 
second year dental curriculum, different procedures were used such as questionnaires, content 
exam and interviews.  
Likert Scale Reliability. A split-half reliability measure was used to assess the reliability 
of the core blended items for the post-survey Likert results for Groups A and B (Davidshofer & 
Murphy, 2005). The assessment was done only for the core blended items because they were 
used in the experimental study, and comprised the bulk of the evidence used to statistically test 
for group differences. The reliability of the experimental Group A Likert scale was 0.88, and for 
the control Group B Likert scale was 0.83. Both groups had experienced the blended learning 







This chapter is divided into two major portions. The quantitative data will be presented 
first and each relevant question addressed. The qualitative results will be presented in a 
subsequent section and the pertinent questions are addressed. 
Quantitative Data 
Research Question 1. What is the perception of dental students regarding blended 
learning in the second year dental school curriculum before and after experience with blended 
learning?  
The purpose of this question was to obtain a measure of student sentiment with respect to 
their perception of the blended learning experience. Particularly, it provided some evidence of 
the affective and general utilitarian responses of the students’ reactions to the blended learning as 
a complement to the cognitive evidence obtained with the dental medical content examination 
addressed in Research question 2.  Research question 1 was answered by using data from the 
Likert surveys obtained from Experimental Group A and Control Group B. Tables 4.1 and 4.2 
show the means and standard deviations for “core blended learning items” for the Likert pre- and 
post-surveys (before and after the blended learning experience), for Experimental Group A and 
Control Group B, respectively. Tables 4.3 and 4.4 show the means and standards deviations for 
“general items” related to blended learning for Experimental Group A and Control Group B, 
respectively. A Wilcoxon Signed-Rank Test indicated that there were statistically significant 
changes (p < 0.05) in the Likert scale values for three core blended items 4, 6, and 11 for 
Experimental Group A (Table 4.1).  For Control Group B, five core blended learning items 6, 7, 




Table 4.1. Means and standard deviations for Likert core blended learning items for the pre- and 
post-surveys for the blended learning experience, Experimental Group A. 
Group A: Mean SD 
 Pre Post Pre Post 
1. Face-to-face sessions are more meaningful if they include discussion 
following online learning experiences. 
3.65 3.95 0.85 0.80 
2. I prefer to have the PowerPoint presentation of the lecture before 
class meets, so I can review and be familiar with the material. 
4.05 4.20 0.80 0.81 
3. More types of interaction in learning such as face-to-face learning 
with online videos and in general with online teaching materials 
increase motivation.  
3.45 3.90 0.74 0.62 
4. Blended learning enables a student to become more involved in the 
learning process.*  
3.45 4.15 0.67 0.57 
5. Patient’s Scenario Questions on the computer will help the student to 
better understand and relate the information obtained by applying the 
acquired knowledge.  
3.80 4.20 0.68 0.60 
6. Blended learning promotes self-regulated learning.* 3.60 4.15 0.80 0.57 
7. With Blended learning you can control how fast or slow you move 
through lessons.  
4.05 4.25 0.80 0.62 
8. With blended learning the information is obtained by more than one 
way.  
3.95 4.35 0.67 0.57 
9. An advantage of blended learning includes greater flexibility in 
arranging student class activities.  
3.85 4.20 0.73 0.68 
10. Blended learning is an effective way to use resources. 3.80 4.20 0.68 0.60 
11. Blended learning is a tool that could be implemented at dental 
schools.* 
3.80  4.30 0.81  0.71  
12. Combination of an online class delivery and traditional in- class 
delivery is most effective than using one-way delivery of 
information.  
3.70 4.00 0.78 0.55 
* Statistical significance (p ≤ 0.05). 
The mean values for the blended learning items in Table 4.1, those that changed 
statistically significantly after the blended learning experience (items 4, 6, and 11), were 
generally in the mid to high neutral range on the scale of the initial pre-Likert survey; namely 
3.45, 3.60, and 3.80, respectively. Thus, the participants in Group A were relatively non-




however, the means for items 4, 6, and 11 all were in the “Agree” range; i.e., 4.15 for items 4 
and 6, and 4.30 for item 11, indicating a substantial change toward the positive pole of the Likert 
scale. Only items 2 and 7 in the pre-survey, initially were barely in the “Agree” range at the 4.00 
level. All other items were in the mid to high neutral 3.0 range. After the blended learning 
experience, the post-survey means tended to increase, all were clearly in the “Agree” range, 
except for item 1 that changed from 3.65 to 3.95; although the latter is probably equivalent to 
4.00 within the range of statistical error. 
The five items for blended learning in Table 4.2 for Group B that had statistically 
significant gains (6, 7, 8, 9, and 12) were largely in the neutral range in the pre-survey with mean 
values ranging from 3.35 to 3.60, except for item 2 with a pre-survey mean of 4.60.  The items 
with statistically significant differences changed substantially in the post-survey with means in 
the “Agree” category; mean score ranges of ~ 4.0 to 4.4.  All other post-survey means in Table 
4.2 for Group B are in the “Agree” range as well.  Item 2, however, maintained the same mean 
value of 4.60 in the pre- and post-survey results. Overall, the change in grand means from pre- to 













Table 4.2. Means and standard deviations for Likert core blended learning items for pre- and post-
surveys for the blended learning experience, Control Group B. 
Group B: Mean SD 
 Pre Post Pre Post 
1. Face-to-face sessions are more meaningful if they include discussion 




2. I prefer to have the PowerPoint presentation of the lecture before class 
meets, so I can review and be familiar with the material. 
4.60  4.60 
 
0.58  0.66 
3. More types of interaction in learning such as face-to-face learning 
with online videos and in general with online teaching materials 
increase motivation.  
3.70  4.05 1.05  0.97 
4. Blended learning enables a student to become more involved in the 
learning process.  
3.40  4.05 1.11  0.80 
5. Patient’s Scenario Questions on the computer will help the student to 
better understand and relate the information obtained by applying the 
acquired knowledge.  
4.05  4.30 0.67  0.56 
6. Blended learning promotes self-regulated learning.* 3.35 4.05 1.19  0.67 
7. With Blended learning you can control how fast or slow you move 
through lessons.* 
3.70 4.40 1.00 0.66 
8. With blended learning the information is obtained by more than one 
way.* 
3.75  4.25  0.94  0.54 
9. An advantage of blended learning includes greater flexibility in 
arranging student class activities.* 
3.80  4.25 0.81  0.54 
10. Blended learning is an effective way to use resources.  3.70  4.05 1.05  0.57 
11. Blended learning is a tool that could be implemented at dental 
schools.* 
3.95 4.45 0.86  0.59 
12. Combination of an online class delivery and traditional in- class 
delivery is most effective than using one-way delivery of information.  
3.60 4.35 1.16 0.73 
* Statistical significance (p ≤ 0.05). 
Statistically different changes (p < 0.05) in the Likert scale mean values for general items 2 and 
13 related to blended learning for Experimental Group A, are presented in Table 4.3. Statistically 
significant changes (p < 0.05) in the Likert scale mean values for the three general items 12, 13, 
and 17 related to blended learning for Control Group B are presented in Table 4.4. 
The mean values for the blended learning items in Table 4.3 that changed statistically 
significantly after the blended learning experience (items 2 and 13) were generally in the mid to 




participants in Group A were relatively neutral in their pre-survey Likert survey opinions about 
these items. In the post-survey, however, the means for items 2 and 13 were in the “Agree” 
range; i.e., 4.05 for item 2 and 4.20 for item 13, indicating a substantial change toward the 
positive pole of the Likert scale. The remaining items 3, 4, 7, 8, 9, 10, 12 and 14 in the pre-
survey, initially were in the “Agree” range at the 4.00 level. While items 1, 2, 5, 6, 13, 15 and 17 
were in the mid to high neutral 3.0 range. After the blended learning experience, the post-survey 
means tended to increase, all were in the “Agree” range, except for the following changes: item 1 
from 3.15 to 3.50, item 5 from 3.50 to 3.70, item 6 from 3.55 to 3.90 and item 17 from 3.30 to 
3.60. Items 11, 16 and 18 were initially in the “Disagree” range. However in the post-survey, the 
values for items 11 and 16 increased to 3.10 and 3.40, respectively, while item 18 increased 
somewhat to 2.60. 
The three items for blended learning in Table 4.4 for Group B that were statistically 
significant in gains (12, 13 and 17), were initially in the agree, neutral and disagree ranges, 
respectively. The mean values in the pre-survey for items 12, 13 and 17 were 4.05, 3.65 and 
2.80, respectively. These items, with statistically significant differences, changed substantially in 
the post-survey with mean scores for the three items of 4.50, 4.25, and 3.55, respectively. All 
post-survey means in Table 4.4 for Group B are in the “Agree” range.  Item 7, however, 
maintained the same mean value of 4.40 in the pre- and post-survey results. Items 3 and 4 had 
post mean values of 4.75 that correspond to “Strongly agree.” Items 1, 6 and 17 remained in the 
neutral range. Items 11 and 18 remained in the disagree zone.  Overall, the change in grand 
means for Group A general items (Table 4.3) was from 3.7 to 4.0, and for Group B general items 





Table 4.3.  Means and standard deviations for Likert general items related to blended learning for 
Experimental Group A. 
 
Group A: Mean SD 
 Pre Post Pre Post 
1. Using discussion online forums (Weblog, wiki) would 
promote learning after face- to -face class.  
3.15 3.50 0.73 0.87 
2. I prefer a discussion forum that enables a group of people 
to contribute to the conversation rather than one individual 
dominating the conversation.* 
3.25 4.05 0.83 0.59 
3. It is useful to have online access to the power point 
presentation from the class.  
4.75 4.70 0.62 0.64 
 
4. Available instructional videos for dental procedures help 
to better understand the material.  
4.70 4.55 0.56 0.67 
 
5. Having access to textbooks online makes it easier to 
obtain information.  
3.50 3.70 1.16 1.00 
 
6. I would like to be able to read the narrative part of the 





7. I would like to be able to listen to the narrative part of the 
lecture online.  
4.15 4.35 0.85 0.65 
8. I would like to be able to watch online the lecture as 
video.  
4.20 4.15 0.93 0.85 
9. I would like to have the opportunity to choose a specific 
part of the presentation and to access more information on that 
topic while online. 
4.20 4.45 0.75 0.74 
10. I would like to get prompt feedback online from the 
professor regarding my questions, etc.  
4.25 4.55 0.62 0.59 
11. Additional online materials complicate learning rather 
than support learning  
2.85 3.10 1.01 1.04 
12. On-line learning material can be accessed more effectively 
and rapidly than only sitting in class.  
4.20 4.20 0.60 0.60 
 
13. The combination of online and face-to-face learning 
methods would facilitate meaningful and authentic learning.* 
3.75 4.20 0.70 0.51 
14. A path of information from classroom lectures through 
documents in the web, e.g. video and simulation will result in a 
good understanding of the instructional material.  
4.10 
 
4.25 0.54 0.54 
15. Having access to online resources expands the information 
already obtained in class.  
3.95 
 
4.25 0.74 0.54 
16. I find online class delivery is more effective than 
traditional in-class delivery.  
2.85 3.40 1.01 0.66 
17. I prefer asking questions I have about the material being 
taught in an online forum than in face-to-face classroom 
discussion.  
3.30 3.60 0.90 0.80 
18. I prefer only face-to-face learning.  2.45 2.60 0.74 0.86 




Table 4.4.  Means and standards deviation for Likert general items related to blended learning for 
Control Group B. 
Group B: Mean SD 
 Pre Post Pre Post 
1. Using discussion online forums (Weblog, wiki) would promote learning 
after face- to -face class.  
3.60 3.90  1.07 1.04  
2. I prefer a discussion forum that enables a group of people to contribute 
to the conversation rather than one individual dominating the 
conversation.  
3.95 4.10 0.80 0.89 
3. It is useful to have online access to the power point presentation from 
the class.  
4.80 4.75 0.40 0.43  
4. Available instructional videos for dental procedures help to better 
understand the material.  
4.70  4.75 0.56 0.43 
5. Having access to textbooks online makes it easier to obtain information.  3.70 4.15 1.10 0.73  
6. I would like to be able to read the narrative part of the lecture 
presentation online.  
4.15  4.35 
 
0.85 0.73  
7. I would like to be able to listen to the narrative part of the lecture 
online.  
4.40 4.40 0.66  0.73 
8. I would like to be able to watch online the lecture as video.  4.63 4.65 0.58  0.57 
9. I would like to have the opportunity to choose a specific part of the 
presentation and to access more information on that topic while online. 
4.45 4.60 0.59 0.49 
10. I would like to get prompt feedback online from the professor 
regarding my questions, etc.  
4.70 4.65 0.46 0.57 
11. Additional online materials complicate learning rather than support 
learning  
2.85 2.85  1.19 1.15 
12. On-line learning material can be accessed more effectively and rapidly 
than only sitting in class.* 
4.05 4.50 0.80  0.50 
13. The combination of online and face-to-face learning methods would 
facilitate meaningful and authentic learning.* 
3.65  4.25 1.01  0.70 
14. A path of information from classroom lectures through documents in 
the web, e.g. video and simulation will result in a good understanding 
of the instructional material.  
3.90 
 
4.20 0.62  0.68 
15. Having access to online resources expands the information already 
obtained in class.  
4.15 
 
4.35 0.57 0.65 
16. I find online class delivery is more effective than traditional in-class 
delivery.  
2.95 3.65 1.32 0.96  
17. I prefer asking questions I have about the material being taught in an 
online forum than in face-to-face classroom discussion.* 
2.80 3.55 1.17 0.92  
18. I prefer only face-to-face learning.  2.90 2.65 1.45 1.11 




Qualitative Evidence and Supporting Survey Data 
 Research Question 1. What is the perception of dental students regarding blended 
learning in the second year dental school curriculum before and after experience with blended 
learning?  
Interview evidence. Based on evidence from the individual interviews, the students’ 
overall experience with, and perception of, blended learning was positive for both groups, 
Experimental Group A and Control Group B (Tables 4.5 and 4.6). One male student stated, 
“Blended learning is fun and convenient, you do have freedom in the process of learning.” A 
small percentage for both groups presented a neutral opinion regarding blended learning. One 
female student who had a neutral opinion stated, “It depends on how you use it. It has great 
potential if it is used the way it was administered and constructed now. My concern is that school 
hasn’t showed that much care about how we learn. They will just give us the content without 
connection. ”  
Table 4.5.  Students’ perceptions of blended learning, Experimental Group A  
 Positive Neutral Negative 
Upon your experience 
what is your overall 
perception of blended 
learning  
6 2 0 
Do you want it to be 
implemented into your 
school 
6 2 0 










Table 4.6. Students’ Perceptions of blended learning Control Group B 
 Positive Neutral Negative 
Upon your experience 
what is your overall 
perception of blended 
learning  
8 2 0 
Do you want it to be 
implemented into your 
school 
9 1 0 
Sample size: ten individual interviewed volunteered students out of total twenty. 
 
Comparative analysis of table 4.5 and 4.6 shows similar results, especially in the pattern 
of responses. During the interview, all comments regarding blended learning were positive for 
Experimental group A and Control group B. As noticed from table 4.5 the overall experience on 
blended learning was positive with six students out of eight who were willing to have blended 
learning implemented in their dental school. There were two students within each group that 
maintained a neutral position regarding blended learning. The interview process showed that 
these students embraced the effectiveness of blended learning as an education methodology, but 
they had reservations and concerns about universities being able to adequately support this 
approach. As seen in Tables 4.5 and 4.6, there are no negative comments regarding blended 
learning. 
In general, there is the same emphasis on positive responses relative to neutral for Tables 
4.5 and 4.6, but there is a more positive emphasis and enhanced interest for group B on having 
blended learning implemented in their dental school.   
These nominal data on differences between Groups A and B are discussed more fully in 




the results placed in a broader context, including relative to prior published research and 
implications for future practices in dental medical education.   
Quantitative Data 
Research Question 2. What is the effectiveness of blended learning in the second year dental 
curriculum in comparison with the traditional teaching approach? 
This question was answered by comparatively analyzing the data obtained from the 
content exam on the topic of “Introduction to Maxillofacial Prosthetics” for Experimental Group 
A and Control Group B. Table 4.7 shows the comparison of means and standard deviations per 
question item for Group A blended learning (BL) and group B face-to-face (F-F) on the same 
topic: “Introduction to Maxillofacial Prosthetics”. The results showed a noticeable difference for 
item 1, [“Definition of Maxillofacial Prosthodontics is:”], with a value of p = 0.11, single tailed. 
By conventional criteria, this difference is considered to be not statistically significant. The 
effect size, Cohen's d, for this difference was 0.4. In general, this is only a moderately low value, 
as would be expected because the statistical significance is low.  For item 7, [“Osseo-integrated 
implants in maxillofacial prosthetic patients who underwent free fibula flap are contra 
indicated.”], a single tail value of p = 0.02 was obtained. By conventional criteria, this difference 
is considered to be statistically significant. Cohen's d was 1.01, and is considered to be 
moderately large.  
Overall, although not all items show a statistically significant mean difference, the data 
for Group A and Group B show a substantially strong performance on the content test, with 
mean scores in the range of 0.90 to 1.00 (perfect score = 1.00). It is notable that Group B had 
substantially lower mean scores of 0.75 or lower on items 1 and 7. This point is discussed more 




acquired substantial learning on this content achievement test composed by the author to meet 
the outcome criteria designed for the course, and the blended learning group was at least 
comparable to, or on some items better than, the control group. 
Table 4.7. Comparison of mean data, standard deviation and grand means for each content 
achievement test item on the topic: “Introduction to Maxillofacial Prosthetics” for Group A 
blended learning (BL) and Group B face-to-face (F-F)  
 
Questions 
 Group A (BL) Group B (F-F) 
Population size Mean  SD  Mean  SD  
1 V 20 0.90 0.30 0.75 0.44 
2 20 1 0 1 0 
3 20 1 0 1 0 
4 20 0.95 0.22 1 0 
5 20 0.95 0.22 1 0 
6 20 0.95 0.22 1 0 
7 * 20 0.95 0.22 0.55 0.51 
8 20 0.90 0.30 1 0 
9 20 0.90 0.30 1 0 
10 20 0.90 0.30 1 0 
Grand 
Mean 
 0.94  0.93  
V  Noticeable difference but not statistically significant 
* Statistical significance (p ≤ 0.05). 
 
Table 4.8 shows the analysis per content test question item for Control Group B that 
experienced the blended learning approach on the topic “Prosthodontics Procedures in Implant 
Dentistry,” following their completion of the controlled portion of the study.  This test data was 
obtained to provide additional evidence of the effectiveness of blended learning using a different 
content topic than the one used in the controlled experimental phase of the study. The results 
(mean = 0.93, maximum = 1.00) once again show substantial content achievement resulting from 




on items 6 and 7 in this test. These items pertained to the gingival height that is required for a 
custom abutment and the ideal inter arch space for the custom abutment (See Appendix F). 
Table 4.8.  Analysis per content achievement test item for Group B, blended Learning approach for 
topic “Prosthodontics Procedures in Implant Dentistry” 
 
Questions 
“Prosthodontics Procedures Dentistry.” 
Population size Mean  SD 
1 20 0.95 0.22 
2 20 1 0 
3 20 0.95 0.22 
4 20 1 0 
5 20 1 0 
6 20 0.60 0.50 
7 20 0.85 0.36 
8 20 1 0 
9 20 1 0 
10 20 1 0 
Grand 
Mean 
 0.93  
 
Qualitative Evidence and Supporting Survey Data 
Research Question 2. What is the effectiveness of blended learning in the second year 
dental curriculum in comparison with the traditional teaching approach? 
Individual interviews. Based on evidence from the individual interviews, the overall 
effectiveness of the blended learning method in comparison with the traditional teaching 
approach was positive for both groups, Experimental Group A and Control Group B (Tables 4.9 
and 4.10).  
Table 4.9.  Students’ opinion on effectiveness of blended learning Group A 
 Positive Neutral Negative 
Upon your opinion 
was this method 
effective in 
comparison with the 
traditional teaching 
approach? 




Sample size: eight individual interviewed volunteered students out of total twenty. 
One of the participants stated his/her experiences in-class using PBL discussion 
following the online learning: “I felt that the lecture was effective because I was actually able to 
respond to the patient’s scenario questions when we were separated into groups.” Four of the 18 
interviewed students in both groups presented a neutral opinion regarding blended learning. One 
female student who had a neutral opinion stated, “It is effective if it is constructed in this 
manner, but I am afraid that depends on the school, course director, the structure of the course 
and lectures and also of the software they will use. It could be exciting or boring and frustrating.”  
It is interesting to note that in both Tables 4.9 and 4.10, the data are substantially toward 
the positive side, with only two students in the “Neutral” category and none in the “Negative” 
category; a similar pattern to the data in Tables 4.7 and 4.8. 
Table 4.10. Students’ opinion on effectiveness of blended learning Group B 
 Positive Neutral Negative 
Upon your opinion was 
this method effective in 
comparison with the 
traditional teaching 
approach? 
8 2 0 
Sample size: ten individual interviewed volunteered students out of total twenty. 
 
Some categories of responses, and included examples of positive words and phrases 
expressed most often during the focused interviews, are tabulated in Table 4.11 and are 
summarized here: 
 1) Increased motivation. Example: one student stated, “I really enjoyed the whole 
process. It was so fun studying in that way.” 
2) Time saving.  Example:  “I can speed up the lecture if it is video recorded and finish 




3) Collaboration. Example: “I loved the teamwork. This was a great experience. What 
lacks in our education is the application of the material we are learning.”  
4) Software used. Example:  “We have some instructional videos online that are so old 
and too long. They should be modern and short, not 50 minutes long like they have them now. 
Also, the software the school uses is too old. I wouldn’t like a blended learning or online 
learning when the software doesn’t motivate me to log in. This is what happens with the current 
software we have.”  
5) Group problem-solving. Example: “We need more time for discussion and 
hypothetical patients rather than just a raw lecture in the lecture hall. You learn by doing and 
with reasoning--this is what I liked.”  
6) Student control.  Example: “To be able to learn and go as slow or as fast as I want is 
precious. If they control the pace as they did in online, learning would be awful. I could read the 
material in five hours what they wanted to teach in four weeks.” 
7) Blended learning well organized. Example: “Blended learning as a tool is good but it 
depends all on the structure of the lecture and the course director.” Another student stated, “It is 
important not to lose the core sight of the material. I experienced an online learning here at 
school where the content and the exam questions were not aligned. They focused on making the 








Table 4.11. Categories of words/phrases that occurred most often for Groups A & B 




Total A and B  
18 students 
1. Increased Motivation 8 10 18 
2. Time saving 8 10 18 
3. Collaboration 6 10 16 
4. Software used  8 8 16 
5. Group solving problem 7 7 14 
6. Student control 6 5 12 
7. Blended Learning well organized 2 3 5 
Sample size: eighteen individual interviewed volunteered students out of total forty. 
 
Survey Data For Student Perceptions: Quality of the Lecture Presentations 
When the Likert scale was administered at the end of the treatments, it also contained a 
section that addressed the students’ perceptions of the quality of the lecture presentations. The 
results (Table 4.12) are presented here as a complement to the interview data on students’ 
percepts of quality. 
There were eleven items addressing a range of aspects, including the effectiveness of the 
instructor, the emotional valence of the experiences, rate of the presentation, and some students’ 
self-reflections about their role in the learning experience. Overall, as shown in Table 4.12, all 
results pertaining to the aspects of the lecture, per se (items 1 – 8), were rated favorably with 
means at, or within range of, a score of 4.00 (“Agree”). This was true for the video presentation 
for Experimental Group A (Table 4.12, Column 1), the in-person lecture for the Control Group B 
(Table 12, Column 2), and the blended learning video experience for Group B (Table 4.12, 
Column 3). As you may recall, Group B participated in a blended experience with a pre-class 




asked to also rate the quality of that experience as well.  They were unaware of the results of any 
of the assessments done in this study before answering this part of the final questionnaire. 
Table 4.12.  Course evaluation results for perceptions of the lecture presentations. 
Content test items Group A (BL) Group B1 (F-F) Group B2 (BL) 
Mean SD Mean SD Mean SD 
1. The instructor created a 
successful environment that was 
conducive to learning.  
4.25 
 
0.62 4.35 0.57 
 
4.35 0.57 
2. The overall effectiveness of the 
instructor’s teaching was excellent.  
4.35 0.65 4.25 0.62 4.25 0.54 
3. The instructor effectively 
presented tools such as materials, 
skills, and techniques needed.  
4.20 0.68 4.20 0.56 4.20 0.60 
4. The lecture developed my 
abilities and skills for the subject.  
3.85 0.85 
 
4.25 0.56 4.25 0.54 
5. The lecture was appropriate for 
the stated level of the class.  
3.95 0.67 4.25 0.57 4.25 0.54 




0.83 4.45 0.56 4.45 0.59 




0.70 4.50 0.57 4.50 0.59 
8. I found the learning experience 
to be enjoyable. 
4.05 0.67 4.40 0.48 4.40 0.58 




0.77 3.90 0.54 
 
3.90 0.44 
10. I was not familiar with the 
topic of the lecture. 
3.55 
 
1.02 3.35 0.74 
 
3.35 1.15 
11. I utilized links to external web 
sites in order to obtain more 
information on the topic. 




Items 9 – 11 address the students’ perceptions related to aspects of their participation in 




were moderately satisfied with their effort (item 9); i.e., mean scores of 3.90 to 4.00.  With 
respect to familiarity with the topic, the responses were in the neutral range.  Item 11 addressed a 
procedural aspect; i.e., whether the student utilized an external web site to obtain more 
information on the topic. Within the amount of time available to do so, the mean responses for 
the Blended Group A were moderate in the neutral range (3.20), while the students in Group B 
were largely negative (2.35). They may have had less opportunity to access the web and/or were 
less disposed to take an opportunity to gain additional information.  But, overall, this set of data 
tends to support the positive conclusions of the interview data presented above. 
Likert Item Correlation Networks Explained 
An item correlation network diagram is a synoptic representation of the organizational 
patterns among Likert item responses made by respondents based on multi-correlation analyses 
of their responses to the items (Anderson, 2015).  Each pairwise correlation of the responses 
made to a pair of items in a Likert scale is examined to determine the magnitude and direction of 
correlation for the pair. If the correlation is sufficiently large to meet the minimum established 
correlation (r) value (either positive or negative) the pair is considered linked and is included in 
the network diagram. The criterion level is based on a judgment by the researcher of the r level 
that will most clearly yield a sufficient number of linkages in the network to be representative 
(usually r no less than 0.3, but in more tightly correlated sets of items as much as r = 0.5).  Pairs 
of items are linked to other items that have nodal points in common, thus producing clusters of 
nodes that are inter-correlated within the criterion level established for inclusion in the network. 
The entire network is assembled by linking items in the most parsimonious arrangement possible 
(minimizing the length of linkages and where possible avoiding crossing over of linking lines) 




that have the largest number of linkages to other nodes. Basically, the network portrays the way 
the respondents’ responses to the items are organized based on total group evidence (e.g., Figure 
4.3).  For example, if overall the respondents tended to rate Likert item A positively and likewise 
systematically also rated Likert item B positively, then the pairwise correlation would be highly 
positive and would be noted by a positive correlation value inserted on the link between them in 
the network. Likewise, if all participants tended to rank one item in the pair positively while the 
other was consistently rated more negatively, then the two linked items would be included in the 
network with a relatively large negative correlation value inserted next to the link between the 
two.  Only pairs of linked items that reach the criterion level of correlation are included.  
Thus, the network represents the major multi-correlated patterns of the respondents’ 
responses, while excluding less correlated pairs of data. The network diagram portrays the 
inherent consistencies in responding to pairs of items by the entire cohort of respondents, and as 
such it is evidence of latent patterns of relational organization in their group responses to Likert 
scale items.  The larger the number of nodes, and the more linkages among the nodes, the greater 
the evidence that there is some inherent pattern of consistency in responding to the suite of items 
in the Likert Scale. 
Pattern of Consistency in the Suite of Items From the Likert Scale 
For these network analyses only the twelve Likert blended items were used in composing 
the networks because they related most specifically to the experimental treatments. 
 Group A, Pre-Survey Network.  The number of item nodes (labels in boxes connected 
by lines) is 10 with 20 linkages (Figure 4.3).  Likert items 1 and 5 had no pairwise correlations 
that reached the r = 0.5 criterion level, and thus they are not included in this network. The 




(r = - 0.5). Two major nodes (those with largest number of linkages), 10 and 11, each has seven 
linkages. Node 11 [“Blended learning could be implemented”] is assigned as a central node 
because it has a high symmetry of linkages with the surrounding nodes. Node 10, [“Blended 
learning is effective use”] thus, is an ancillary major node at the periphery in this network. Nodes 
2, 6, 7, 8, and 9 each has four linkages; node 3 has two, and node 4 has 1.  The link between 
nodes 2 and 3 has a negative correlation because the respondents tended to rate item 2 higher 
while they simultaneously rated item 3 lower (see entries in Table 4.1 for items 2 and 3).  
 
  Background Linkage 
            Overlapping linkages (dashes used to prevent confusion by crossing over solid lines)  




Thus, as they expressed a more positive position relative to item 2, they were more likely to 
express a lower rating for item 3.  This is reasonable, because the negative correlation indicates 
the following: to the extent that they tended to express a preference to use a [“PowerPoint lecture 
before class”] in item 2, they tended not to highly rate the merits of [“Interaction in online 
learning increases motivation”] included in item 3. The two propositions are inherently opposite 
in their experiential implications. Up and down arrows are inserted next to the numbers for these 
nodes in the network to show this inverse relationship.  However, the pairwise correlation for 
this link just reaches the minimum criterion level (r = 0.5) used for inclusion in the network.   
Overall, Figure 4.3 presents a relatively rich linked network of nodes. However, node 4 is 
linked only to node 3 in this pre-survey result. Therefore, node 4 is categorized as a “satellite 
node.”  That is, it is anchored only to one other node at the periphery of the network.  
Furthermore, in overall perspective, the lower half of the network has a richer set of linkages 
than the upper half. There are 13 linkages all-totaled in the lower half particularly involving 
nodes 7, 8, and 10.  These nodes pertain to aspects of the organization of blended learning 
experiences, and thus make a coherent multi-correlated set of responses to the Likert items. In 
the upper half of the network diagram, there are six linkages involving nodes 3, 4, 6, and 12. 
These nodes partially relate to student states of interaction with the blended learning, including 
their motivation, metacognitive aspects such as self-regulation, and the capacity to control 
additional learning (e.g., “learning how to learn”).  The majority of the correlation weights 
inserted on each link, with the one exception noted, are positive.  That is, when one item in the 
linkage was rated more positively, the other was also rated more positively, or vice-versa; i.e., 
the ratings tend to be coherent; both of the respondents’ ratings of the pair of items are oriented 




Group A, Post-Survey Network.  The post-survey network (Figure 4.4), while similar in 
basic pattern to the pre-survey network (Figure 4.3) has greater density of linkages. 
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The number of item nodes is 11 with 27 linkages (Figure 4.4). Likert item 1 in the survey 
instrument (Table 4.1) is not included in the network because it had no pairwise correlation that 
reached the criterion level. Items 2 and 3 have only one linkage each to items 4 and 8, 
respectively, and thus are categorized as satellite nodes. The correlation weightings for the node 
linkages ranged from 0.5 to 0.8.  One major node (i.e., 10) with 8 linkages is assigned as a 
central node (the same as in Fig. 3). In this network, nodes 4 and 9, each with seven linkages, are 
categorized as ancillary major linkages, because they have the next most frequent linkages but 
are distributed at the margin of the network.  Nodes 8, 11, and 5 have six linkages. Node 6 has 
four linkages, node 12 has three, and nodes 2 and 3 each have one linkage. All linkages have 
positive correlation weighted values assigned to each linkage.  
Overall, this network is relatively rich in linkages.  Furthermore, the left-hand side of the 
network has a richer set of linkage than the right-hand side. There are thirteen linkages all-totaled 
in the left-hand side, involving specifically five nodes (2, 3, 4, 5, and 11) distributed to the left of 
the central three nodes. All correlation values are positive.  With respect to the vertical symmetry 
of the network linkages, nine linkages originate in the left-hand side and project to the middle 
three nodes (8, 10 and 12). Five linkages originate from the left-hand side and project to nodes 
on the right-hand side. 
 Some interesting structural aspects are noted for the organization of the post-survey 
network relative to the pre-survey network.  In this respect, the thickness of the node linkage 
lines indicates whether the link was present in the pre-survey network (light weight lines) or 
introduced by changes in the post-survey data (heavy weight lines). All totaled there are 11 
nodes in the post-survey network and 10 in the pre-survey network. However, there are 27 




linkages, almost half (13 linkages) are new to the network. With respect to the nodes, one of the 
most significant changes is the inclusion of item node 5 [“Patient’s Scenario helps learning of 
knowledge”], not present in the pre-survey network.  Among other features, node 5 links to node 
4 and therefore merges node 4 into the larger network of linkages. Node 4, no longer is a satellite 
node as it was in Figure 4.3.  The linkages connected to item 4 (anchored to item 5), include 
items 8 through 12 that pertain to the pedagogical or epistemological dimensions of blended 
learning; that is aspects that relate to the organization, logic, degree of implementation, 
flexibility, and effectiveness of the blended learning.  Other nodes related to students’ 
perceptions of their learning role (including motivation, rate of learning, and preferences for 
format such as lecture versus online learning) are not included in the sub-network specifically 
linked to item 4.  However, this sub-network is directly, or indirectly, linked into the larger 
network through the central node (item 10). Item 10 has eight linkages, six of them (light-weight 
links) were present in the network for the pre-survey data. The two new links to item 10 (with 
correlation values of 0.5 and 0.6) are from nodes 4 and 5, thus providing further evidence of the 
important role of node 5 as an organizing center, especially, in the organization of the new 
network. 
 The patient scenario, used in the PBL discussion session for the blended course and 
represented by item 5 in the Likert survey (node 5 in the network), has apparently contributed to 
transforming the post-survey linkage network (see Figure 4.4 compared to Figure 4.3). As noted 
above, it is linked to several major nodes involving Likert items related to the pedagogical and 
epistemological structure of the course. The patient scenario was partially designed to provide 
logical coherence and a more pedagogically relevant framework to encourage problem-solving 




learning” experience. The scenario involved a hypothetical patient who presents to the clinic for 
treatment in a dental related issue (See Appendix G). The PBL task that the students were to 
address was to provide a diagnosis and plan of treatment.  Apparently, this context was 
contributory to the students’ perception of the coherence of the experience in relation to the 
pedagogically relevant Likert items (items 4, 8, 9, 10, 11, and 12) that were predominately linked 
to node item 5 (the patient scenario). 
 Group B, Pre-Survey Network.  This analysis is reported with a comparable 
organization of the information as was presented for the evidence from Group A. However, 
because Group B had a much dense set of potential pairwise connections when the criterion r 
value was set at 0.5, we increased the minimum criterion value to 0.6. In this process, we note 
that no nodal items included in the set with a criterion of r = 0.5 were eliminated when we made 
the criterion level more stringent at r = 0.6.  This sufficiently constrained the density of the 
Group B correlation network diagrams to be more consistent with the densities in the Group A 
networks.  
 The number of item nodes (labels in boxes connected by lines) is 11 with 22 linkages 
(Figure 4.5). Likert item 2 in the survey instrument (Table 4.2) is not included in the network 
because it had no pairwise correlation that reached the criterion level.  One major node 6 (the one 
with largest number of linkages) has six linkages.  Node 6 [“Blended learning is promotes self-
regulated learning”] is assigned as a central node because it has a high symmetry of linkages 
with the surrounding nodes.  Node 7, 8, 9 and 10 thus, are ancillary major nodes at the periphery 
in this network. Nodes 7, 8, 9 and 10, have five linkages each. Nodes 1 and 4, have four linkages 
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Figure 4.5. Likert item correlation pre-survey network for Group B. 
Overall, Figure 4.5 presents a relatively rich linked network of nodes. There are nine 
linkages all-totaled in the lower half and 12 linkages all total in the upper half. All of the 
correlation weights inserted on each link are positive.  In this network, there is a central core of 




(nodes 7 through 11) that is closely interlinked with seven cross linkages varying in correlation 
weighted values on the links from 0.6 to 0.9. A basal portion (nodes 1, 3, 4, 6 and 12) is more 
loosely linked and has correlation weights on the linkages of 0.6 to 0.8. Nodes 1, 3 and 6 appear 
to form a tightly linked triangular core to which peripheral nodes are attached (e.g., 4 and 12). 
Group B, Post-Survey Network.  The post-survey network (Figure 4.6), while similar in 
basic pattern to the pre-survey network (Figure 4.5) has greater density of linkages. 
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The number of item nodes is 11 with 23 linkages (Figure 4.6). Likert item 2 in the survey 
instrument (Table 4.2) is not included in the network, same as for group B pre-survey network 
because it had no pairwise correlation that reached the criterion level.  Two major nodes (i.e., 6 
and 9) with seven linkages each are assigned as central nodes. In this network, nodes 8, 4 and 11, 
each with six linkages, are categorized as ancillary major linkages, because they have the next 
most frequent linkages.  Node 10 has five linkages, node 5 and 7 has three linkages each, node 
12 has two, and nodes 1 and 3 have one linkage each. All linkages have positive correlation 
weighted values assigned to each one. 
Overall, this network is rich in linkages.  Furthermore, nodes 1 and 3 are connected only 
in between them and thus form an isolated pair. There are 9 new linkages that are noted in bold 
(Figure 4.6).  This isolated pair that is more fully integrated into the network of Figure 4.5, is of 
interest and suggests that Group B in the post-survey has shifted some focus in the correlational 
relationships toward the more core nodes within the center of the network of Figure 4.6. 
Further detailed comments and discussion of comparative data for Group B pre- and post-
survey correlation network data are presented in the Discussion Chapter, along with a more 








The purpose of this study was to examine the merits of a blended learning approach 
applied in dental education, particularly using a “Flipped classroom” format where the lecture 
material is presented online in advance, and the in-person class session is devoted to discussion 
and elaboration of the lecture material.  In this case a problem-based discussion was used for the 
in-person class meeting. However this is not the only way to organize a flipped classroom, and a 
variety of before-class learning experiences have been used, including various online experiences 
in place of, or in addition to, video recorded lecture presentations.  Also, during the in-person 
class session, other forms of group learning experiences other than PBL have been used, such as 
role-playing, debating issues, or other active engagement strategies. 
In general, it is probably safe to conclude that the pattern of Likert-scale responses in the 
pre- and post-surveys for Group A and Group B, when they participated in a blended learning 
experience, are approximately similar; i.e. beginning largely in the neutral category on the Likert 
scale, but increasing into the “Agree” range on the post-survey. Thus, both groups report positive 
responses to the blended learning experience as part of their dental medical education. However, 
no changes of the mean Likert values toward the positive pole reached the very high range of 5 
or nearly 5 (above 4.75) on the post-surveys for either group.  
It is interesting that Group B, who experienced the blended learning, more immediately 
after a face-to-face lecture, had more statistically significant changes in mean values for the 
blended learning items compared to Group A. This may be attributed to a more potent, recency 




experience, thus providing them with a more comprehensive basis for making an informed 
response. But, further research is needed to explore this hypothesis.  A similar conclusion 
appears to be appropriate for the comparison of Group A and Group B for the Likert scale 
responses to general blended learning items, that is the responses tended to be in the neutral 
range initially, but increased toward the more positive range of “Agree,” after the blended 
learning experience.  
With respect to the content achievement test results, there was comparable mastery of the 
content for both Groups (experimental and control), indicating that the blended learning 
experience was at least as effective in promoting learning content as for the control group. 
However, with respect to two questions on the content achievement test, the blended 
Experimental Group had higher mean scores. This finding is explored more fully when each of 
the research question results are discussed below. 
Comparing the results of this study with research in fields other than dentistry, a study by 
Sitzmann, Kraiger, Stewart, and Wisher (2006) showed blended learning to be more effective 
than classroom instruction, for declarative knowledge and procedural knowledge outcomes.  The 
general results of the study reported here seem to agree partially; although the content test 
outcomes for Groups A and B are similar, with the exception of two questions on the content 
examination where the Experimental Group A excelled, students in the blended learning 
treatment appeared to perceive that they controlled their learning, and they reported enhanced 
motivation.  
Larson and Sung (2009) showed an increased interest in the subject matter with the 
blended learning approach, rather than the online or face-to-face approach. The results of the 




This seems to also be the case reported in a study by Rovai and Jordan’s (2004). They stated that 
blended learning experiences build a stronger sense of community among students than either 
fully online or traditional courses. Overall, there are few published studies of blended learning in 
dental education, especially in the United States and this study adds some additional insights. 
Discussion of Results For Each Research Question 
Research Question 1. Likert survey results showed positive opinions regarding blended 
learning for both groups A and B, when they experienced the blended learning treatments (Group 
A during the experiment, and Group B in a post experimental blended learning lesson). With 
respect to individual interview responses, most of the respondents from Group A and Group B 
made positive comments regarding blended learning. However, there were two students within 
each group that maintained a neutral position regarding blended learning. Among other concerns, 
they expressed some reservations if other course directors can construct an effective blended 
learning experience as successfully as the one they experienced. A positive emphasis and 
enhanced interest was shown for Groups A and B on having blended learning implemented in 
their dental school.  
Correlation network diagrams were used to analyze changes that occurred in the group 
perceptions of the participants prior to and after the blended learning experiences. The change in 
correlation network diagrams from pre- to post-blended learning, for Experimental Group A, 
showed that the inclusion of the patient scenario in the blended learning occasioned a change in 
the network organization.  This also included a much richer set of linkages anchored to the 
patient scenario node with additional linkages to several major nodes related to the pedagogical 
and epistemological structure of the course. This suggests that the inclusion of the patient 




integrated into the total network through the organizing role of the Likert item on “Patient 
scenario.” Moreover, overall, the network post-survey for Group B is also richer in number of 
linkages, especially those cross-connecting nodes through the center of the diagram. Likewise, as 
with Group A, Group B in the post-survey exhibited a shift of focus in the correlational 
relationships, with more linkages connected toward the core nodes within the center of the 
network, in addition to exhibiting a much richer set of linkages within the network. 
Comparing this research with other studies in dental education on blended learning, 
Pahinis, Stokes, Walsh, and Cannavina, (2007) showed that the majority of the learners, 65% of 
the responders, accepted the online component of the course as a valuable resource. These 
findings agree with the ones reported here on the importance and acceptance of the different 
aspects of blended learning technology used, but more specifically in a way that went beyond 
merely downloading relevant content. Positive opinions on blended learning were also recorded 
in a preclinical Endodontics Course (Maresca et al., 2014) with the Experimental Group using 
blended learning, scoring a higher level of satisfaction (75%) than the Control Group who 
experienced face-to-face (56%). In addition, 85% of the Experimental Group stated they would 
recommend this method to other students taking the same course.  
Another study conducted by Park and Howell (2015) showed that 85% of the students 
would definitely or probably like to have more flipped lectures in their dental curriculum. By 
comparison, the results reported here showed that the participants who had blended learning 
believed that the blended learning approach should be implemented in the dental curriculum 
(mean of 4.30 for Group A and 4.45 for Group B). Park and Howell also reported that 69% of the 




the collaborative activity as positive, and they liked the sense of community that group problem-
solving offered.  
Research Question 2. Overall, both Groups A and B had substantially strong 
performance on the content achievement test, with a mean score 0.94 (out of a total of 1.00) for 
Experimental Group A (BL) and 0.93 for Control Group B (F-F) on the same topic “Introduction 
to Maxillofacial Prosthetics”.  However a comparison of the means and standard deviations per 
question item for Experimental Group A on blended learning (BL) compared to Control Group B 
receiving face-to-face (F-F) instruction showed some interesting differences. 
Both groups were tested on the same topic (Appendix E): “Introduction to Maxillofacial 
Prosthetics.” There was a noticeable difference in favor of the treatment Group (A) for item 1  
[“Maxillofacial Prosthodontics is:”]. Moreover, for item 7 [“Osseo-integrated implants in 
maxillofacial prosthetic patients who underwent free fibula flap are contra indicated.”], there was 
a statistically significant difference in favor of the Experimental Group A. Item 1 was of 
educational and professional significance because it addressed the main topic of the course, and a 
strong difference here in favor of the Experimental Group may indicate that their blended 
learning experience provided some insights about the main topic of the course that the Control 
Group did not see so clearly. This significant difference might be due to the blended learning 
experience that provided more time for processing the information. Experimental Group A (BL) 
obtained the information at its own time and pace prior to the PBL discussion. The Control 
Group B (F-F) did not have the same autonomy in the lecture presentation, and could not control 





Somewhat similar to this study, research conducted by Maresca et al. (2014) showed no 
major differences in content achievement for a blended learning approach in comparison to the 
face-to-face approach on the same topic, thus indicating that blended learning was at least as 
effective in learning the basic content. Nevertheless, a significant statistical difference was 
reported for a hands on exercise (performing a root canal on a plastic tooth). Students who 
experienced blended learning were able to learn and demonstrate dental skills at a higher level. 
Overall, the blended learning group scored higher than the traditional group on the hands on 
exercise (mean = 42.5, S.D. = 14.4 vs. mean = 34.2, S. D. = 12.1, respectively). 
Based on evidence from the individual interviews, obtained in this thesis study, the 
overall effectiveness of the blended learning method in comparison with the traditional teaching 
approach was positive for both groups, A and B. Among words or phrases that often appeared 
were “Increased motivation,” “Time saving,” “Collaboration,” “Very good software used for 
blended learning,” “Positive aspect of group solving problem,” “Student control,” and “Blended 
learning well organized.” Compared with other studies in the dental field, Kavadella, Tsiklakis, 
Vougiouklakis, and Lionarakis (2012), in an oral radiology course, also showed that 
effectiveness, motivation, and active engagement were very positively reported, comparable to 
the study reported here. 
Likewise, in a preclinical blended learning course in Prosthodontics, dental students' 
performance and satisfaction were very favorable (Faraone, Garrett & Romberg 2013). In 
general, it appears that dental education students are quite favorably disposed toward 
implementation of blended learning.  Further evidence comes from a study by Reissmann, 
Sierwald, Berger, and Heydecke, (2015). They commented that students’ satisfaction with 




positive. Likewise, Rosenbaum, Mikalsen, Lygre, Solheim, and Schjott (2012), who evaluated a 
Clinical Pharmacology course at the postgraduate level, stated that blended learning could be 
effectively implemented in postgraduate dental education. All of these studies are consistent with 
the results presented in this study, generally showing that dental education students respond 
favorably to the blended learning experiences, believe that they gain a greater sense of control 
and feel more motivated, and overall recommend implementation in dental education, assuming 
appropriate care is taken to ensure the authenticity and full implementation of the blended 
learning format. 
Strengths, Limitations and Ethical Considerations of the Research 
While the interpretation and the findings from this research study may have a favorable 
effect in encouraging others to do more research on the effectiveness of blended learning, some 
of the strengths, ethical considerations, and limitations that may be typical of many experimental 
research studies are examined here with the hope that it may encourage further studies of this 
kind. There were no known risks pertaining to this study, other than the usual circumstances of 
attending classes. One of the possible challenges of this kind of experimental research, where 
statistical analyses require strong sample sizes, is some attrition of participants. Fortunately, in 
this study, there were no major losses of participants, and overall the N was strong enough to 
yield statistically significant results. 
This study was focused on the effectiveness, and students’ perception, of blended 
learning as a part of the second year dental curriculum. The study did not examine professors’ 
and stakeholders’ perception of blended learning. In addition only a flipped classroom approach 
was evaluated; but other forms of blended learning may be implemented and evaluated, such as 




randomized, controlled environment, experimental study. That is, all participants were randomly 
assigned to the treatment and control groups, and only the flipped format differentiated between 
the experiences of the treatment and control group.  Indeed, care was taken to control for all 
aspects, to the extent that the control group that received a face-to-face lecture also was given a 
discussion session.  This is not typical in many studies where flipped formats are used. In most 
research on flipped classrooms, only the blended group is given a discussion opportunity and is 
compared to a lecture-only group.  Thus, the positive findings of the Experimental Group relative 
to the Control Group in this study suggests that even with the extra precaution to be more 
stringent on control conditions, the blended learning experience was perceived very favorably, 
and some gains in content were greater for the Experimental Group on the content examination 
compared to the Control Group. 
Moreover, for ethical as well as research reasons, Group B (Control Group) was given an 
opportunity for a blended learning experience on a different content topic after the experimental 
phase was completed. This allowed them to also have an opportunity to experience this 
apparently productive way of learning, and also allowed collection of additional Likert-scale 
percepts about the quality of blended learning experiences from Group B. 
A more realistic study using less stringent control on the opportunity to engage in 
discussion should also be done, based on the results from this study, to determine if greater 
differences would be found when the fully blended approach is compared to a lecture only 
format. That is, a study that compares a lecture format exclusively (without discussion) to a 
flipped blended approach with PBL discussion that occupies the full time for the lesson should 
be done.  More particularly, in such a fully blended approach, the following question could be 




critical and reflective analysis of the learned material, and perhaps have greater gains in 
application of the learned content to real-life professional activities?’ 
Moreover, the cost effectiveness of the blended learning approach needs to be assessed. 
Additionally, part of the limitation in this current study is that the group problem-solving was 
only 20 minutes in duration for Experimental Group A, and likewise 20 minutes in duration for 
Control Group B. This was a parsimonious time allocation, and more substantial differences may 
accrue if longer more typical discussion time is provided.  Again, the cost effectiveness needs to 
be assessed and the optimal sequencing and allocation of time for various portions of the blended 
learning need to be more fully evaluated. Although the time duration of the group problem-
solving activity was somewhat restricted in this study, both groups expressed positive opinions. 
Implications For Dental Education and Future Research Studies 
According to the results of the present study, blended learning can promote enhanced 
learning skills, active involvement in learning, and a sense of self-regulated learning. The study 
showed that the self-regulated aspects found here shared all four of Pintrich’s (2004) general 
assumptions: 1) Blended learning provided an active role for the learner; 2) There is control on 
how, when, and where learners will get the information; 3) Students set their own standards on 
their learning, thus coming to understand their cognition; and 4) Blended learning can increase 
student motivation, and improve student performance to achieve success. 
The study showed that blended learning might potentially increase students’ motivation 
leading to better performance in the dental education and the sciences more broadly.  Combining 
the collaboration of the PBL with the self-directed learning in viewing the video before the PBL 




intrinsic motivation for a subject or task by trying to make it more interesting. Both groups 
appeared enthusiastic with the group activity. This social enhancement aspect highlighted the 
positive role of collaborative methods in learning.  The results from the group problem-solving 
activity were not constructed individually as often happens in lecture-based settings, but 
collaboratively constructed. This supports Vygotsky’s theory that knowledge can be co-
constructed, leading to greater learning gains. Moreover, an assumption is that by using this kind 
of approach the teamwork skills might be improved.  
The Zone of Proximal Development mentioned by Maddux, Johnson, and Willis (1997), 
derived from Vygotsky’s theory, was identified in this research on collaborative problem-
solving. As a reminder this zone includes the premise that learners can solve problems and learn 
more when individuals who are more mature and/or more expert in the subject domain help to 
guide them. Thus, it suggests that blended learning that utilizes a PBL approach where there is a 
more mature or experienced professional mentor, in addition to students of varying background 
and advanced knowledge, can likely improve learning outcomes in a blended learning experience 
of the kind reported here. 
Situated learning was used in this research during the PBL sessions.  Such 
contextualization of the learning, based on actual problem situations expected in dental practice, 
promoted meaningful learning, encouraged active learning, and clearly provided experiences 
relevant to future roles and situations that the learners will encounter. Group problem-solving 
was administered to determine the likely enhancement that blended learning with PBL might 
accrue. The students used the new information as useful tools, not as facts. In addition such 
problem-solving activities assisted students to develop critical thinking. The critical pedagogical 




real life contexts as well, thus hopefully leading to longer-term transfer.  As part of this attempt 
to make the learning active and professionally relevant, the present study used a blended learning 
approach that involved group discussions. Group discussions are most effective when the 
discussion topics are relatable to situations that students experience in life or even eventually in 
professional situations, thus the situated context was also more relevant in achieving success 
with the group discussion format.  
Incorporation of a blended learning plan such as the one used here in dental education 
should be systematic. It is important how the blended learning is implemented. Students 
expressed their concerns that such implementation might be not accurately and effectively 
organized. This is a challenge and additional research, perhaps using case studies, should be 
done in natural dental education settings where blended learning is incorporated to determine 
what patterns of incorporation are most effective and what implementation barriers or hindrances 
may be encountered as a way of making improved recommendations for implementation plans. 
Technological challenges should be carefully considered, including the learning 
ecosystem used, to ensure that the technology chosen is consistent with the learning objectives, 
sufficiently familiar to the students to provide seamless access to, and utilization of, the 
technology, as well as selecting technology affordances that the students find most acceptable, 
etc.  Moreover, ensuring that participants can successfully use the technology to promote more 
active and in-depth learning, and resist the inclination to use technology just because it is 
available, is an important point to remember in organizing digital-based learning. Organizational 
challenges are also emphasized on how to manage and monitor students’ progress. Professional 
development might be useful when blended learning is applied, especially supporting faculty in 




design challenges are also a concern. It is very important to focus on the methodology of 
teaching not just the content and verify that the elements of the blend are coordinated.  
For that reason, additional research should be done in a more extensive way than was 
possible here. The blended learning approach should be evaluated and applied in an entire 
course. Other forms of blended learning should be evaluated along with the cost-effectiveness of 
each approach. Further investigation of the results of Network Diagrams and perhaps using them 
in relation to feedback interpretations from the students would serve to better understand the 
network connections and better inform the researcher of some of the latent group perceptual 
structures that were revealed by the network diagrams. The PBL experience for both groups, 
although of 20-minute duration, proved to be very useful for the students’ understanding of the 
material. This approach should be evaluated by expanding the time to use the entire duration of 
the class, which is typically closer to 50 minutes in length. 
To conclude, blended learning is a pedagogical approach that combines the online 
delivery of content and instruction with some element of student control over time, place, path, 
and/or pace. Blended learning may increase learning effectiveness, satisfaction, and efficiency as 
well as student access and flexibility to higher levels of information and learning skills.  In 
addition, it may facilitate increased enrollment and enhanced use of physical facilities by 
requiring less seat time than fully face-to-face courses. It targets more relevant and hopefully 
transferrable learning in a personalized, mastery based, and meaningful way. This study aims to 
add some additional insights on blended learning in the field of dental education with the 
purpose of encouraging dental students to become more engaged by incorporating a 
personalized, mastery-based, meaningful learning that will lead to a more effective and longer 
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Likert questionnaire on pre blended learning experience for Group A and Group B. 
 
We are planning to create a modern dental curriculum by using multimedia, and we 
would like your opinion. One approach would be to use a concept of blended learning. Blended 
learning combines the traditional form of classroom using a face-to-face approach and computer-
mediated elements into a blended learning activity. The student learns at least in part through 
online delivery of content and instruction with some elements of student control over time, place, 
path, and/or pace. 
 
The following scenario represents an example of blended learning: Students obtain the 
lecture online (pdf, ppt, Video) at their own time, place and pace. A week after, the students 
come to the classroom and the lecturer addresses questions on the lecture that students may have. 
A group project is then performed following a discussion on the same topic. In other words, 
whatever was traditionally done at school (attending the lecture) is now done at home and what 
was done at home, (complete exercises and projects) is now to be done at school. 
 
The findings of this research may have a great impact on reforming the dental curriculum 
and on motivating and empowering students to perform better in science. 
 
Please mark the following scenarios with the response provided from ‘Strongly Disagree’ 
to ‘Strongly Agree’ that best represents your opinion. This opinionnaire approach asks your 







1= Strongly Disagree 2=Disagree 3= Mixed Feelings 4=Agree 5= Strongly Agree 
Statement 1 2 3 4 5 
During Dental School I have used an online tool (i.e. 
PubMed, Google, Wikipedia) to obtain information and 
learn.  
     
Virtual Learning Environments (VLE) like online NYU 
Classes promotes learning.  
     
The online NYU Classes need to be improved.      
Using discussion online forums (Weblog, wiki) would 
promote learning after face- to -face class. 
     
I prefer a discussion forum that enables a group of people 
to contribute to the conversation rather than one individual 
dominating the conversation.  
     
It is useful to have online access to the power point 
presentation from the class.  
     
Available instructional videos for dental procedures help to 
better understand the material.  
     
Having access to textbooks online makes it easier to obtain 
information.  
     
I would like to be able to read the narrative part of the 
lecture presentation online.  
     
I would like to be able to listen to the narrative part of the 
lecture online.  
     
I would like to be able to watch online the lecture as video.       
I would like to have the opportunity to choose a specific 
part of the presentation and to access more information on 
that topic while online.  
     
I would like to get prompt feedback online from the 
professor regarding my questions, etc.  
     
Face-to-face sessions are more meaningful if they include 
discussion following online learning experiences.  
     
I prefer to have the PowerPoint presentation of the lecture 
before class meets, so I can review and be familiar with 
the material.  
     
Additional online materials complicate learning rather than 
support learning. 
     
On-line learning material can be accessed more effectively 
and rapidly than only sitting in class.  
     
More types of interaction in learning such as face-to-face 
learning with online videos and in general with online 
teaching materials increase motivation.  
     
Blended learning enables a student to become more 
involved in the learning process.  
     
Patient’s Scenario Questions on the computer will help the 
student to better understand and relate the information 
obtained by applying the acquired knowledge. 















Statement 1 2 3 4 5 
The combination of online and face-to-face learning 
methods would facilitate meaningful and authentic 
learning. Blended learning promotes self-regulated 
learning.  
     
With Blended learning you can control how fast or slow 
you move through lessons. 
     
With blended learning the information is obtained by more 
than one way.  
     
A path of information from classroom lectures through 
documents in the web, e.g. video and simulation will result 
in a good understanding of the instructional material.  
     
Having access to online resources expands the information 
already obtained in class.  
     
An advantage of blended learning includes greater 
flexibility in arranging student class activities.  
     
An advantage of blended learning includes greater 
flexibility in arranging student class activities.  
     
Blended learning is an effective way to use resources.       
Blended learning is a tool that could be implemented at 
dental schools.  
     
I find online class delivery is more effective than traditional 
in-class delivery.  
     
Combination of an online class delivery and traditional in- 
class delivery is most effective than using one-way delivery 
of information.  
     
I prefer asking questions I have about the material being 
taught in an online forum than in face-to-face classroom 
discussion.  
     





Likert survey on post blended learning experience for Group A and Control Group B. 
1= Strongly Disagree 2=Disagree 3= Mixed Feelings 4=Agree 5= Strongly Agree 
Statement 1 2 3 4 5 
During Dental School I have used an online tool (i.e. 
PubMed, Google, Wikipedia) to obtain information and 
learn.  
     
Virtual Learning Environments (VLE) like online NYU 
Classes promotes learning.  
     
The online NYU Classes need to be improved.      
Using discussion online forums (Weblog, wiki) would 
promote learning after face- to -face class. 
     
I prefer a discussion forum that enables a group of people 
to contribute to the conversation rather than one individual 
dominating the conversation.  
     
It is useful to have online access to the power point 
presentation from the class.  
     
Available instructional videos for dental procedures help to 
better understand the material.  
     
Having access to textbooks online makes it easier to obtain 
information.  
     
I would like to be able to read the narrative part of the 
lecture presentation online.  
     
I would like to be able to listen to the narrative part of the 
lecture online.  
     
I would like to be able to watch online the lecture as video.       
I would like to have the opportunity to choose a specific 
part of the presentation and to access more information on 
that topic while online.  
     
I would like to get prompt feedback online from the 
professor regarding my questions, etc.  
     
Face-to-face sessions are more meaningful if they include 
discussion following online learning experiences.  
     
I prefer to have the PowerPoint presentation of the lecture 
before class meets, so I can review and be familiar with 
the material.  
     
Additional online materials complicate learning rather than 
support learning. 
     
On-line learning material can be accessed more effectively 
and rapidly than only sitting in class.  
     
More types of interaction in learning such as face-to-face 
learning with online videos and in general with online 
teaching materials increase motivation.  
     
Blended learning enables a student to become more 
involved in the learning process.  




Statement 1 2 3 4 5 
 
Patient’s Scenario Questions on the computer will help the 
student to better understand and relate the information 
obtained by applying the acquired knowledge. 
     
The combination of online and face-to-face learning 
methods would facilitate meaningful and authentic 
learning. Blended learning promotes self-regulated 
learning.  
     
With Blended learning you can control how fast or slow 
you move through lessons.  
     
With blended learning the information is obtained by more 
than one way.  
     
A path of information from classroom lectures through 
documents in the web, e.g. video and simulation will result 
in a good understanding of the instructional material.  
     
Having access to online resources expands the information 
already obtained in class.  
     
An advantage of blended learning includes greater 
flexibility in arranging student class activities.  
     
An advantage of blended learning includes greater 
flexibility in arranging student class activities.  
     
Blended learning is an effective way to use resources.       
Blended learning is a tool that could be implemented at 
dental schools.  
     
I find online class delivery is more effective than traditional 
in-class delivery.  
     
Combination of an online class delivery and traditional in- 
class delivery is most effective than using one-way delivery 
of information.  
     
I prefer asking questions I have about the material being 
taught in an online forum than in face-to-face classroom 
discussion.  
     
I prefer only face-to-face learning.       
The instructor created a successful environment that was 
conducive to learning. 
     
The overall effectiveness of the instructor’s teaching was 
excellent. 
     
The instructor effectively presented tools such as materials, 
skills, and techniques needed. 
     
The lecture developed my abilities and skills for the 
subject. 
     
The lecture was appropriate for the stated level of the class.      
The lecture was effectively organized.      
The overall rate of this lecture was excellent.      




















Statement 1 2 3 4 5 
I am satisfied with my effort in this lecture.      
I was not familiar with the topic of the lecture.      
I utilized links to external web sites in order to obtain more 
information on the topic. 





Likert survey Control Group B for face-to-face approach. 
1= Strongly Disagree 2=Disagree 3= Mixed Feelings 4=Agree 5= Strongly Agree 
Statement 
 
1 2 3 4 5 
 
The instructor created a successful environment that was 
conducive to learning. 
     
The overall effectiveness of the instructor’s teaching was 
excellent. 
     
The instructor effectively presented tools such as materials, 
skills, and techniques needed. 
     
The lecture developed my abilities and skills for the subject.      
The lecture was appropriate for the stated level of the class.      
The lecture was effectively organized.      
The overall rate of this lecture was excellent.      
I found the learning experience to be enjoyable      
I am satisfied with my effort in this lecture.      
I was not familiar with the topic of the lecture.      
I utilized links to external web sites in order to obtain more 
information on the topic. 















Content exam for topic “Introduction to Maxillofacial Prosthetics” for Experimental Group A 
and Control Group B. 
1. Maxillofacial Prosthodontics is: 
A. concerned with the restoration without replacement of the stomatognathic and 
associated facial structures with prostheses that may or may not be removed on a 
regular or elective basis. 
B. concerned with the restoration and/or replacement of the stomatognathic and 
associated facial structures with prostheses that should always be removed.  
C. the area of dentistry that focuses on dental prostheses. 
D. concerned with the restoration and/or replacement of the stomatognathic and 
associated facial structures with prostheses that should never be removed  
E. concerned with the restoration and/or replacement of the stomatognathic and 
associated facial structures with prostheses that may or may not be removed on a 
regular or elective basis. 
 




3. Surgical Obturator - sometimes referred to as an immediate obturator that serves as a 
temporary prosthesis that is usually inserted in the operating room (theater) immediately 
following the surgical removal of a portion or all of the maxilla or surrounding osseous 








D. Preservation of that which remains 
E. All of the above 
 
5. Interim obturator may also require frequent modification: 
A. True  
B. False 
 
6. Definitive obturator CANNOT reduce the hypernasality of speech following maxillary 
resection.  






7. Osseo-integrated implants in maxillofacial prosthetic patients who underwent free fibula 




8. What is the type of the appliance shown in the picture: 
 
A. Nasoalveolar Molding Appliance (NAM) 
B. Andersen appliances 
C. Frankles functional regulator 
D. Herbst appliance 
 
9. The majority of the malignant tumors are 
A. Pleomorphic adenoma,  
B. Hemangioma, papilloma,  
C. Adenolymphoma   
D. Squamous cell carcinoma  
E. Ameloblastoma.  
 




D. None of the above  












Content exam for topic “Prosthodontic Procedures in Implant Dentistry” for control group B. 
1. The image shows: 
 
A. Implant  
B. Implant analog 
C. Impression coping 
D. Stock abutment 
E. Implant driver 
 









4. Abutment selection is based only on gingival tissue height. 
A. True  
B. False 
 
5. Interocclusal space and implant position angulation has NO importance on abutment 
selection. 
A. True  
B. False 
 











7. The ideal inter arch space for the custom abutment is 7mm 
A. 2mm for the abutment and 5 mm for porcelain and metal. 
B. 5mm for the abutment and 2 mm for porcelain and metal. 
C. 4mm for the abutment and 1 mm for porcelain and metal. 
D. 1mm for the abutment and 4 mm for porcelain and metal. 
 
8. How many NCM is needed for LOCATOR abutments in Nobel biocare is: 
A. 35 NCM 
B. 20 NCM 
C. 30 NCM 
D. 25 NCM 
E. 10 NCM 
 
9. Peri-implant tissue can be comprised by excess cement in  
A. Cement retain restoration: 
B. Screw retain restorations 
C. All of the above 
D. None of the above 
 
10. Always before the final torque of the abutment: 
A. Cementation takes place 
B. Impression should be taken. 
C. A radiograph should be taken 













Group problem-solving on topic “Introduction to Maxillofacial Prosthetics” for Experimental 
Group A and Control Group B. 
Two Groups address this question: A Maxillofacial Prosthetic patient comes to your office that 
was referred by his maxillofacial surgeon. Patient didn’t understand why he was referred. He 
asks more about what type of classification defects you can treat as a Maxillofacial 
Prosthodontist. Give an example for each category. 
 
Two Groups address this question: A Maxillofacial Prosthetic patient comes to your office. The 
patient is a cancer survivor. Patient’ s chief complain is “my voice sounds nasal”.  Please provide 






Group problem-solving on topic on topic “Prosthodontic Procedures in Implant Dentistry” 
for control group B 
Two Groups address this question: A patient comes to your office.   The patient has an implant 
on #29 Nobel Biocare Replace Select Tapered RP 4,3x10. Please list the implant components 
that you will use to take implant level impression - closed tray. 
 
Two Groups address this question: A patient comes to your office.   The patient has an implant 
on #29 Nobel Biocare Replace Select Tapered RP 4,3x10. Please list the steps involved for 






Protocol for Constructing Item Correlation Network Diagram. 
The responses of each respondent to a set of items in a Likert survey are recorded in an 
Excel sheet, with respondents listed in rows and the responses to each item listed as column 
entries as shown below (simplified version with five Likert items, 20 respondents and their 




A multicorrelation analysis is run to obtain the pairwise correlation among all items across 
all respondents and the output table of the pairwise correlations as shown below is examined and 
the pairs reaching criterion r (here r = 0.5) are selected for further analysis. There are 20 such 







The number of times each item occurs in the highlighted set is counted and entered into a 
frequency table shown below.  For example in the above sample correlation output table, item 2 
occurs two times. 








In this set, Items 10 and 11 have the highest frequency of occurrence among the pairs of 
correlated items. Items 7, 2, 6, and 12 occur four times, etc. 
This indicates that items 11 and 10 may be highly linked items and the best approach is to 
place at least one of them in a central position of the network diagram to minimize length of 
connections to other nodes and delimit too many cross-overs of the lines. 
A briefly worded label is prepared for each item, reducing the length to a concise 
redaction of the wording of the Likert item prompt.  For example, the following Likert item 




These labels are embedded in a diagramming design software application to permit free 
arrangement of the labels and their linkages by connecting lines as constructed by the author to 
best represent the multiple linkages in the most parsimonious way among all of the items.  Each 
connecting line (link) is also labeled with the pairwise correlation coefficient for that pair of item 
nodes. 
Examples of completed networks are given as figures in  “Chapter IV - Results.” 
 
 
 
 
